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722. INOCERAMIDS DISCOVERED FROM THE UWAJIMA GROUP
IN THE CHIKANAGA DISTRICT, WESTERN SHIKOKU, JAPAN

SHUICHI YANAI

Geological Institute, Faculty of Science, University of Tokyo, Tokyo 113

Abstract. A number of pelecypod fossils belonging to Inoceramus yabei, I.
teshioensis, and I. uwajimensis were discovered from the Shimanto Terrain in the
Chikanaga district to the east of Uwajima, western Shikoku. This paper is con-
cerned with their brief descriptions and with their significances on the stratigraphy -
of the Shimanto Supergroup.
ages and the existence of strata in the Chikanaga district which are synchronous
with the Uwajima Group in the type area. In addition to the occurrence of an
early Miyakoan ammonoid Cheloniceras (Naxkal and Hapa, 1966), these fossils _su'ggest
that the shelf-facies Uwajima Group conformably overlies the geosynclinal facies
Shimanto Group. It is confirmed not only from the biostratigraphical standpoint of
view, but also from the lithostratigraphy, geologic structures and field observations.
Taking the recently published report on the presence of the shallow sea strata
within the geosynclinal ones in the Yukawa district of Western Kii Peninsula
(Nakazawa et al., 1979) into consideration, the above-mentioned features give a
clue to elucidate the tectonic development of the northern marginal part of the

These inoceramids indicate Gyliakian to Urakawan

Shimanto Geosyncline.

Introduction

The wide area on the south of the
Butsuzo tectonic line in Southwest Japan
and Kanto mountain is called the Shimanto
Terrain. It is further divided into two
areas; one is the Shimanto Terrain in a
narrow sense on the north and the other
is the Setogawa-Nakamura Terrain on the
south. The strata distributed in the
Shimanto Terrain in a narrow sense are
called the Shimanto Supergroup in
Shikoku.

The Shimanto Supergroup consists
mainly of clastic rocks with subordinate
basic volcanics, chert, lentils of limestone

* Received June 2, 1980; read June 29, 1980
at the 125th Meeting of the Society at Kochi.
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and acid tuffs as minor constituents.
Owing to the scarcity of guide fossils,
the relatively monotonous lithofacies and
the complicated geologic structures, the
detailed stratigraphy and geologic struc-
ture of this supergroup are not yet fully
clarified except for such districts as
Akaishi Mountain (KIMURA, 1967 ; KIMU-
RA and ToKUYAMA, 1971; TOKUYAMA,
1973; OGAwa, 1978) and a part of Kii
Peninsula (HASHIMOTO, 1968 ; MOROZUMI,
1970a, b). According to the evidences of
fossils from some limited places, the strata
of the Shimanto Supergroup are mostly
of the Cretaceous (MATSUMOTO, 1954).
However, some Jurassic strata may be
included, because of the occurrence of
such Upper Jurassic fossils as Opis (Tri-
gonopis) aff. corallina DAMON from
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Kashiwagi, Nara Prefecture (ICHIKAWA,
1954) and Upper Jurassic to Upper Cretac-
eous radiolarians from Eastern Shikoku
(NAKASEKO, 1979 ; NAKASEKO et al., 1979).

In the Uwajima and its adjacent dis-
tricts of Western Shikoku are distributed
the Upper Cretaceous fossiliferous strata
called the Uwajima Group. A large number
of marine fossils as ammonoids, bivalves
and echinoids occur at various horizons of
this group (TANABE, 1972; TERAOKA
and OBATA, 1975). In addition to them,
it yields such plant fossils, as Archaeozo-
stera, which indicates a very shallow sea
with the influence of fresh water (KORIBA
and Miki1, 1931). Furthermore, some
thick conglomerates and thin coal seams
occur. These facts show that the Uwa-
jima Group is mainly composed of deposits
of shelf-facies in a shallow sea. Accord-
ing to TANABE (1972), this group of the
type area ranges from the Cenomanian to
lower Campanian (Japanese Gyliakian to
Urakawan) in age, although about its
upper and lower limits there are some
different opinions (NAKANO, 1964 ; TERA-
OKA and OBATA, 1975).

The Shimanto Group, limestone-bearing
strata of geosynclinal facies, are dis-
tributed around the Uwajima Group. A
part of the Shimanto Group is called the
Kitanada Formation in the southern
Uwajima district.  Strata, which are
thought to be almost contemporaneous
with this formation, are also distributed
in the southern, western and eastern
parts of the Chikanaga district to the
east of Uwajima (SUGAI, in KOBAYASHI,
1950) (Text-fig. 2). The age of this for-
mation is now considered to be Aptian
to Albian, because some Aptian ammonoids
occur from its lower part at the south of
Chikanaga (NAKAI and HADA, 1966), and
because Pterophyton cf. miyakoense YABE,
which is comparable with a species from
the Aptian-Albian Miyako Group, occurs

from a limestone at Kuninaga, south of
Uwajima (KOBAYASHI, 1950).

The strata synchronous with the Uwa-
jima Group are also distributed in the
central main part of the Chikanaga
district (YEHARA, 1924; Svuzuki, 1935,
1936; Sucal, 1935; NAGAI et al., 1967;
TERAOKA and OBATA, 1975). NAGAI et al.
(1967) listed some Inocerami from the
Chikanaga district in the explanatory text
of the geologic map of Ehime Prefecture
(1/200,000). Recently, TERAOKA and
OBATA (1975) clarified the existence of
Coniacian to Santonian strata in the
southern part of the Chikanaga district.
However, the detailed stratigraphy and
geologic structures in this district are not
yet fully studied. Furthermore, the
stratigraphical and structural relationship
between the Uwajima Group and the
Shimanto Group in this district, remain
uncertain, although a conformable relation-
ship between the two is confirmed by
Kupo (1949) and TANABE (1972) in the
Uwajima district.

The Shimanto Superoup is partly
shallow sea sediments as already pointed
by MaTsuMoTo and HIRATA (1969),
Hayawmi (1969) and others. Very recently
NAKAZAWA et al. (1979) described some
shallow marine bivalve fossils of Aptian
to Albian ages from the sandstones of the
Yukawa Formation (HIRAYAMA and
TANAKA, 1956) in the area just to the
south of the Butsuzo tectonic line in the
Kii Peninsula. Moreover, they clarified
from the sedimentological standpoint that
the fossil bearing sandstones were
deposited under a neritic environment.
Occurrences of Aptian-Albian neritic
ammonoids and bivalves in Central Shikoku
(MATSUMOTO et al., 1952; Havaml and
KAWASAWA, 1967 ; efc.) show that a shelf
existed along the northern marginal part
of the Shimanto Geosyncline at that time.
The position corresponds to the region
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adjacent to the present-day Butsuzo
tectouic line. The strata of the Ura-
kawan shelf-facies occur also near
Terasoma in the Kii Peninsula (MOROZUMI,
1970 a, b) (Text-fig. 1). The relation be-
tween the strata of the shelf-facies and
the geosynclinal facies is conformable in
the above-mentioned districts.

The writer discovered many specimens
of Inocerami from the strata in the
Chikanaga district. They indicate various
ages from Cenomanian to Santonian
(Gyliakian to Urakawan). In addition to
the Coniacian and Santonian fossils
reported already (TERAOKA and OBATA,
1975), discovery of the Cenomanian to
Turonian Inocerami gives a clue to
elucidate the stratigraphical relationship
between the Uwajima Group of the shelf-
facies and the Shimanto Group of the
geosynclinal facies. In this paper the
writer gives brief stratigraphic and
palaeontologic descriptions, and discusses
the significance of the discovered fossils
for the age determination of the Shimanto
Supergroup.

The classification of the Inoceramidae,
especially the definition and application
of many generic and subgeneric names,
is still controversial. Recent studies on
the Japanese species of Cretaceous
inoceramids were undertaken by HAyAMI
(1975), NopA (1975), NopA and MATSUMOTO
(1976), KAUFFMAN in MATSUMOTO (1977)
and some others. Because each species
often shows wide geographic distribution,
this is actually a problem beyond the
writer’s knowledge on a local faunule.
In this paper the writer tentatively
referred three described species to
Inoceramus (s.s.) in agreement with most
of these writers.
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Note on lithostratigraphy

The strata in this district are litho-
logically divided into six formations,
which are Formation-a, -b, —and For-
mation-f, in upward sequence (Text-figs.
2, 3). Taking fossils collected into con-
sideration, it is presumable that Formation-
a, -b and -c¢ correspond to the Kitanada
Formation of TANABE (1972), and that
Formation-d, -e and -f are roughly
synchronous with the Uwajima Group
defined by TANABE (1972).

Formation-a (900 m.) consists mainly of
sandstone, alternated beds of sandstone
and mudstone, and submarine sliding
deposits, intercalated by a few layers of
acid tuff.

Formation-b (350 m.), lying on Formation-
a conformably, is exclusively composed of
bedded sandy mudstone except for alter-
nation of sandstone and mudstone with
an intercalation of acid tuff. The sandy
mudstone is micaceous and contains
abundant thin laminae of fine-grained
sandstone. Carbonized plant fragments
are sometimes found.
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Text-fig. 1. Index map.

1: Chikanaga district; 2: Central Shikoku;

3: Terasoma district; 4: Yukawa district.

Formation-¢ (350 m.) is chiefly com-
posed of submarine sliding deposits
(olistostrome), associated with minor
amount of calcareous bedded mudstone.
Several huge blocks of limestone (olistolith)
are contained.

Formation-d (320 m.), which conformably
overlies Formation-¢, comprises massive,
shale-patch-bearing sandstone with sub-
ordinated mudstone and alternating beds
of sandstone and mudstone. The sandstone
is feldspathic and contains abundant
carbonized plant fragments at some
horizons. Interformational conglomerate,
15 meters in maximum thickness, is often
found in the northwestern part of this
district.  Plant fossil, Awrchaeozostera,
reported at Nagatani (Loc. 25 in Text-fig.
5) by NAGAI et al. (1967) occurs within
this Formation.

Formation-e (50-300 m.) covers For-
mation-d with conformity. It contains
chiefly submarine sliding deposits (slump

breccia).

Formation-f (2,000 m.), which confor-
mably covers Formation-e, is composed of
sandstone, sandy mudstone and alter-
nations of sandstone and mudstone with
lentils of submarine sliding deposits and
a few layers of acid tuff. The sandstone
is lithic and intercalates cobble-bearing
conglomerate. The sandy mudstone is
generally massive, but sometimes bedded.

Two Aptian ammonites, Cheloniceras
(Cheloniceras) shimizui NAKAI and HADA,
and Cheloniceras (Cheloniceras) aff.
minimum CASEY, occur from Formation-
b (Loc. 38) (NAaKA1 and HADA, 1966).
The writer also collected some ammonite
fragments of the same species from the
same locality. Furthermore, ammonite
fragments, which can not be identified,
because of the ill-preservation, were also
collected from two pointos to the west
of Chikanaga (Locs. 38, 40).

Fossils of Inoceramus are often found
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in Formation-f. Three species are
represented in the present collection;
they are Inoceramus yabei, Inoceramus
teshioensis and Inoceramus wwajimensis.
These fossils are generally poorly pre-
served but worthy to be described, because
they seem to give a foundation to the
geology of the Shimanto Terrain.

Systematic description
Class Bivalvia
Subclass Pteriomorphia BEURLEN, 1944
Order Pterioida NEWELL, 1965
Suorder Pteriina NEWELL, 1965
Family Inoceramidae GIEBEL, 1852
Genus /noceramus SOWERBY, 1814
Subgenus Inoceramus SOWERBY, 1814

Inoceramus (Inoceramus) yaber NAGAO
and MATSUMOTO

PIl. 50, Figs. 1-4

Synonymy.—See HAvAMI (1975, p. 52).

Type.—The spesimen illustrated by
NaGcao and MATsuMoTO (1939, pl. 34,
figs. 6a, b; IGPS cat. no. 22685) was
designated by MATSUMOTO and HARADA
(1964, p. 96) as the lectotype of Inoceramus
yabei.

Material.—The following description is
based on four specimens in the present
collection ; an internal mould of articulated
valves (MM 5713), a left internal mould
(MM 5714) and two right internal moulds
(MM 5715, MM 5716).

Description.—Shell moderate in size,
subequivalve or inequivalve, inequilateral,
roughly flabelliform in outline, as long as
high or higher than long. Antero-dorsal
margin nearly straight or slightly exca-

vated ; Postero-dorsal also long, straight
or slightly arched. Beak variable in pro-
minence but generally more prominent in
left valve than in right. Beak angle
generally obtuse (120°-140°). Antero-
dorsal marginal part nearly perpendicular
to the comisure plane.

Surface sculptured with comarginal
ridges and rings; the ridges rather in-
conspicuous and finer on the umbonal
region, elevated in the main part of the
valve, asymmetrically wavy in cross
section with subangular to angular top
and flattened bottom, relatively irregular
in interval and prominence. Concentric
rings present on the ribs as well as the
interspaces, usually low and irregular in
breadth.

Observation and  comparison. — The
present specimens are more or less
suffered from the secondary deformation,
and the ventral part of these specimens
is incompetely preserved.

Although they are somewhat smaller
in size than the specimens described by
NAGAO and MATSUMOTO (1939), all the
essential characters, especially the surface
ornamentation and the shell outline, are
quite identical with Inoceramus (Inocera-
mus) yabet NAGAO and MATSUMOTO.

Some of specimens are similar to
Inoceramus  teshioensis NAGAO and
MATSUMOTO in outline, but they can
readily be distinguished from that species
by the surface ornamentation.

Occurrence.—Fine sandy mudstone at
Loc. 1, Ouchi, Mima-cho (MM 5713,
MM 5714). Similar specimens were
collected from the sandy mudstone at
Loc. 2, about 300 meters southwest of
Loc. 1. The other specimen was collected
from shale patch-bearing sandy mudstone
at Loc. 12, Narifuji, Hiromi-cho (MM
5715, MM 5716).

The species was previously reported
from the Uwajima district without record
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of the precise locality (NAGAO and

MATSuMoOTO, 1940, p. 5).
X -
5001 X ; « Inoceramus (Inoceramus) teshioensis
sl —~| o NAGAO and MATSUMOTO
VAVAVAVAVAVA « mn [S¥)
x| <@ Pl. 50, Figs. 5-7
—| <
| o Synonymy.—See Hayam1 (1975, p. 53)
3 = and Nobpa (1975, p. 251).
el = Type.—The specimen illustrated by
) NAGAO and MATSUMOTO (1939, pl. 24,
=3 fig. 7; UMUT MM 6487 (=I-721)) was
- designated by Noba (1975, p. 252) as the
° « lectotype of Inoceramus teshioensis.
b Material.—The present sprecies is repre-
§ sl = sented by three specimens in the present
| = = collection ; a left internal mould (MM 5717,
=l s 24 mm. long, 36 mm. high), a left internal
z| = mould (MM 5718) and an internal mould
El & of right and left valves (MM 5719).
S Description.—Shell small or moderate
S in size, subequivalve, inequilateral,
sl =l . higher than long, considerably inflated;
=05l 2 anterior part steeply inclined and nearly
< =« perpendicular to the plane of valve and
N = concave. Antero-dorsal margin rounded,
Z = o gradually passing to arcuate ventral and
< g postero-ventral ones; ventral margin
1 = nearly semi-circular, passing upwards to
gg '.E the broadly curved posterior margin.
35 = o= Hinge-line of moderate length, nearly as
_5 = z Text-fig. 3. Geologic columnar section
$E 5|~ of the Chikanaga district. 1: sandstone;
33 g 2: sandy mudstone; 3: alternation of sand-
10 e T O g o stone and mudstone‘; 4: slump brec'c1a; 5:
.,.\‘/.\\'/A_@i 3 g conglomerate; 6: limsstone; 7: acid tuff;

N—""" 8: cross-stratification; 9: fossil; 10: plant
fossil, Archeeozostera, a-f:Forwation a—f.

-« Text-fig. 2. Geologic map of the Chikanaga district. 1: Quaternary szdiments; 2: sandy
mudstone and sandstone ; 3: slump breccia; 4: feldspathic sandstone; 5: slump breccia; 6: badded
mudstone ; 7: slump breccia, sandstone and mudstone; 8: limestone ; 9: Miocene Takatsukiyama
granitic rocks; 10: Sambosan Terrain. (a) —(f) : Formation a—f in upward sequence. (see Text-
figs. 3 and 4). A-A’-A” etc: position of geologic cross setions (in Text-fig. 4).
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long as or slightly longer than a half of
the shell-length (1/2).

Concentric undulation, rather Ilow,
asymmetically curved and regular in
intensity and distance; concentric rings
combined with the major concentric ribs
which are somewhat asymmetrical in
cross-section, separated by wider inter-
spaces.

* Observation and comparison.—From the
above-mentioned characters, the present
specimens are possibly identified with
Inoceramus(Inoceramus) teshioensis NAGAO
and MaTsumoTo. The present specimen
(MM 5718) is especially similar in surface
ornamentation to the specimen of this
species illustrated by Nopa (1975, pl. 35,
fig. 2). One of the present specimen
(MM 5717) has a ratio L/H smaller than
the lectotype, illustrated by NAGAO and
MaTsuMoTO (1939, pl. 24, fig. 7), and
furthermore, the umbo is remarkably
prominent. These differences may be
due to secondary deformations.

Occurrence.—Fine sandy mudstone at
Loc. 28, Izume, Hiromi-cho (MM 5717,
MM 5718) and calcareous sandy mudstone
at Loc. 11, Katayama, Mima-cho (MM
5719).

Inoceramus (Inoceramus) uwajimensis
YEHARA

Pl. 5C, Figs. 8-13

Synonymy.—See Hayawm1 (1975, p. 54)
and NopA (1975, p.253).

Type.—The specimen illustrated by
YEHARA (1924, pl. 3, fig. 2) was desig-
nated by MATSUMOTO in TAKAI and
MATSUMOTO (1961, p. 273) as the lectotype
of Inoceramus wwajimensis.

Material.—Eight specimens, which are
relatively well-preserved, are concerned
with description in the following lines.
They are; a right internal mould (MM

5720, 36+mm. long, 44 mm. high), an
internal moulds of right and left valves
(MM 5721, 164+ mm. long, 22 mm. high;
MM 5722, 124+mm. long, 20+mm. high),
a right internal mould (MM 5723, 42+
mm. long, 58 mm. high), a right internal
mould (MM 5724, 38+mm. long, 44 mm.
high), two right internal moulds (MM

5725, MM 5726) and a right internal
mould (MM 5727).
Description.—Shell very inequilateral,

moderately convex with flattened sides.
Antero-dorsal margin straight or slightly
concave, passing gradually to broadly
arched anterior one; ventral margin
narrowly rounded with a subsymmetrical
curvature. Posterodorsal wing-like area
is generally not clearly defined except for
one specimen (Text-fi. 9). Umbo terminal,
incurved, pointed.

Surface ornamentation consists of
numerous coarse, regular or somewhat
irregular concentric ribs, separated by
concave interspaces. Concentric ribs
rather inconspicuous on the umbonal region,
enlarged in the main part of valve and
symmetrically wavy in cross-section with
subangular to angular top.

Observation and comparison.—In many
characters the present specimens closely

resemble hitherto known species of
Inoceramus  (Inoceramus)  uwajimensis
YEHARA. The adult individuals of this

species from the Uwajima Group, as
represented by the lectotype and many
other specimens, attain larger size. But
in view of the ovate outline and the ratio
of length/height and the prominency of
umbo and low, sharp-topped concentric
ribs and other characteristics, they must
belong to this species.

One of the present specimens (MM
5721, MM 5722) is quite similar to the
original specimens of Inoceramus uwaji-
mensis var. yeharai NAGAO and MATSU-
MOTO, illustrated by NAGAO and MATSU-
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MoOTO (1939, pl. 34, figs, 2, 5, pl. 35, fig.
4). The variety was usually distinguished
from the typical form of Inoceramus
uwajimensis YEHARA by the developed
posterior wing-like region, longer hinge-
line, pentagonal outline and larger apical
angle. In these respects the present
specimen is transitional between the two
forms.

One specimen (MM 5724) is apparently
similar to [noceramus mihoensis MATSU-
MOTO, which is characterized by the
flabelliform outline and obtuse beak angle
(MAaTsuMmoTo, 1957, p. 65, pl. 21, figs. 1-
4.). It was collected from a bed of some-
what higher horizon, where Inoceramus
uwajimensis YEHARA coexist.

LEGEND:

x: Fossil locality

#: Limestone
[3:Granite

. /
[J:sambosan Terrain ~"d- :Fm-d =/":Fault

Text-fig. 5. Map showing the localities
of fossils in the Chikanaga district. Fm.-
d: Formation-d in Text-figs. 2-4.

Occurrence.—Fine sandy mudstone at
Loc. 9, Katayama, Mima-cho (MM 5720),
Loc. 42, Ketagawa, Mima-cho (MM 5721,
MM 5722), Loc. 5, Seizui, Hiromi-cho
(MM 5723), Loc. 49, Matsumaru, Matsuno-
cho (MM 5724), Loc. 43, Nojiri, Matsuno-
cho (MM 5725, MM 5726) and Loc. 33,
Tanikirai, Hiromi-cho (MM 5727).

Concluding remarks

The newly discovered marine faunule
from the Uwajima Group in the Chikanaga
district is mainly composed of three
species of bivalves as described above.
In addition to them, ammonoids and
echinoids were collected. Some specimens
of Inoceramus (Inoceramus) amakusensis
NAGAO and MATSUMOTO, being regarded
as an index fossil of the Santonian, was
also discovered from the upper part of
this group in the southern area of this
district.

According to MATSUMOTO (1959), the
species Inoceramus wwajimensis, is re-
stricted to occur frecm the Coniacian
(Japanese lower Urakawan) throughout
the Japanese Islands. It is, moreover,
discovered from Sakhalin, Kamchatska,
Alaska and California (NoDA, 1975).

Inoceramus teshioensts is diagnostic of
the Turonian (upper Gyliakian), especially
upper Turonian age. It is fairly commom
in the upper part of the Middle Yezo
Group (Saku Formation and itsequivalents),
and in the Onogawa Group (Ryozen
Formation).

The occurrence of Inoceramus yabei
indicates a Cenomanian (Japanese lower
Gyliakian) age (MATSUMOTO, 1967). This
species has been found in the Middle
Yezo Group (Mikasa Sandstone and its
correlatives) of Hokkaido (MATSUMOTO
and HARADA, 1964).

Recently, MATSUMOTO (1978) reported
two Turonian species, Inoceramus (Inocer-
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amus) tenuistriatus NAGAO and MATSU-
MOTO and Mytiloides cf. incertus (JIMBO)
in the fossil collection of YEHARA. They
had been collected near Narifuji, Hiromi-
cho, without record of the precise locality.
The writer discoved the described speci-

mens of Inoceramus yabei also near
Narifuji (Loc. 12).
Taking the occurrence of fossils

mentiond above into consideration, it is
now firmly concluded that the Uwajima
Group (Formation-d, -e and -f) of the
Chikanaga district ranges from the
Cenomanian to the Santonian, although
there is a possibility that its upper limit
goes up to the lower Campanian. These
palaeontological evidences are consistent
with TANABE’s opinion of the Uwajima
Group in the type district.

Some species of [noceramus are possibly
pseudoplanktonic (HAyAMI, 1969). There-
fore, sedimentary environment cannot
necessarily be inferred from the occurrence
of Inoceramus. The occurrence of the
Archaeozostera-like plant fragments with
Inoceramus, and the presence of thick
conglomerate (40 m. in maximum thick-
ness) and cross-laminated sandstone at
several horizons, however, show that the
deposition of the Uwajima Group took
place under shallow shelf environment in
the Chikanaga district.

It is an unsolved problem whether the
Uwajima Group of shelf-facies is con-
formable with the Shimanto Group of
geosynclinal facies or not. However,
Formation-b and -e (synchronous with the
Kitanada Formation) are Aptian to Albian
in age, and Formation-d, -e and -f (the
Uwajima Group) Cenomanian to Santonian
in age (Text-fig. 3). The result of the
field study on the boundary between
Formation-¢ and -d also indicates a
conformable relationship between the
two. Therefore, the Uwajima Group is
regarded as a part of the Shimanto

Supergroup as pointed by TANABE (1972,
p. 185).

As mentioned already, the Lower and
Upper Cretaceous strata of shelf-facies
are distributed in several districts along
the northern margin of the Shimanto
Terrain (Text-fig. 1). The srata of shelf-
facies are also conformabie with those of
geosynclinal facies in those districts
(KatTo, 1961; MorozuMi, 1970a, b;
NAKAZAWA et al., 1979). In the light of
the filling up the Shimanto Geosyncline,
the Late Creatceous shelf, on which the
Uwajima Group was deposited, has similar
nature to the Early and Late Cretaceous
shelves mentioned-above, although there
is a difference in scale (YANAI 1979, 1980).
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Explanation of Plate 50

(All figures of natural size)

Inoceramus (Inoceramus) yabei NAGAO and MATSUMOTO «.vvreneeneeeeneennnenenneneanns p. 409

Fig. 1. Internal mould of conjoined valves (MM5713), Loc. 1, Ouchi, Mima-cho. la: lateral
view of right valve; 1b: Left valve; lc: dorsal view.

Fig. 2. Internal mould of left valve (MM5714), Loc. ditto.

Fig. 3. Right internal mould (MM5715), Loc. 12, Narifuji, Hiromi-cho.

Fig. 4. Right internal mould (MM5716), Loc. ditto.

Inoceramus (Inoceramus) teshioensis NAGAO and MATSUMOTO «vvvevereieirnrnrnnenenennnn p. 411
Fig. 5. Left internal mould, tectonically deformed (MM5717), Loc. 28, Izume, Hiromi-cho.
Fig. 6. Left internal mould (MM5718), Loc. ditto.

Fig. 7. Internal moulds of both valves (MM5719), Loc. 11, Katayama, Mima-cho. 7a: lateral
view of right valve; 7b: left valve.

Inoceramus (Inoceramus) Uwajimensis YEHARA . .euueene e ennsneaeenaensneeeseennsnsnenns p. 413
Fig. 8. Internal mould of right valve (MM5720), Loc. 9, Katayama, Mima-cho.

Fig. 9. Internal moulds of right and left valves (upper: MM5721; lower: MM5722), Loc. 42,
Ketagawa, Matsuno-cho.

Fig. 10. Internal mould of right valve (MM5723), Loc. 5, Seizui, Hiromi-cho.

Fig. 11. Right internal mould (MM5724), Loc. 49, Matsumaru, Matsuno-cho.

Fig. 12. Internal moulds of two right valves (upper: MM5725; lower: MM5726), Loc. 43,
Nojiri, Matsunocho.

Fig. 13. Right internal mould (MM5727), Loc. 33, Yakirai, Hiromi-cho.
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Hongo, Bunkyo-ku, Tokyo 113

Abstract.

Barremian and early Aptian bivalve fossils from the Choshi Group of

central Honshu are examined mainly on the basis of newly collected material as a
companion work to the paper on the coexistent gastropod fossils (KASE and MAEDA,
1980). Most specimens belong to already named species from the Lower Cretaceous
marine strata of Kwanto mountains and the Outer Zone of Southwest Japan, but
their diagnostic characters became clearer owing to the excellent state of preser
vation. The following fifteen species are described in this article: Nuculopsis (Pala-
eonucula) ishidoensis, Portlandia sanchuensis, Mesosaccella (?) choshiensis sp. nov.,

Mesosaccella(?) sp., Solemya sp., Grammatodon (Nanonavis) yokoyamai, Pinna
(Pinna) sp., Pterotrigonia (Pterotrigonia) pocilliformis, Astarte (Astarte) sub-
senecta, Laevicardium(?) sp. aff. L. (?) ishidoense, Rasatrix suzukii sp. nov.,

Caestocorbula shikamai sp. nov., Caestocorbula minima sp. nov., Corbulomima sp.
cf. C. nuciformis and Plectomya aritagawana. Taxonomic comments are also given
to several other bivalves which are not represented in the present collection but

have been recorded from the Choshi Group in some previous works.

Introduction

Since ISHIWATARI (1906) reported the
occurrence of a trigoniid fossil [Ptero-
trigonia] from a quarry at Nagasaki of
Choshi Peninsula, some Early Cretaceous
bivalve fossils from the Choshi Group
were identified and listed by several
workers (YEHARA, 1914; YAMANE, 1924;

* Received June 12, 1980; read October 11,
1980 at 126th Meeting of the Society at
Toyama.
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etc.). YEHARA (1923) assigned several
trigoniid specimens from this quarry to
Trigonia pocilliformis YOKOYAMA, and
this identification was again confirmed by
TAMURA (1978a). MAEDA (1962) and
Hayawmi (1965a, b) described several spec-
imens of bivalves together with materials
from other regions of Japan, proposing a
few new species of Nipponitrigonia and
Isognomon on the basis of Choshi speci-
mens. SHIKAMA and SuUzUKI (1972) listed
and illustrated, though did not describe,
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a number of bivalve and other fossils at
several localities in this peninsula.

Nevertheless, our knowledge of bivalve
fauna from the Choshi Group remains still
insufficient, because only a few descrip-
tive works were published and because
the preservation of fossils had generally
been regarded as unfavorable. Recently,
however, a calcareous bed containing
numerous exceptionally well-preserved
molluscan fossils was discovered at the
coast of Kimigahama (Loc. 2 in this paper)
about 1km north of the Cape Inubo-zaki,
Choshi City, by some students of the
University of Tokyo including one of us
(T.0O.). As to the procedure of fossil
hunting from this locality and the geologi-
cal background, the reader is referred to
the introductory notes and illustrations in
a companion paper (KASE and MAEDA,
1980) on the gastropods, which appeared
in the same journal. Some specimens,
occurred at the coast of Nagasaki (Loc.
4) and Ashikajima (Locs. 7 and 8) of the
Choshi Peninsula, are also worthy to de-
scribe, because the shell material, though
sometimes abraded, is preserved in a fairly
good condition.

Recent stratigraphic works of the Cho-
shi Group were undertaken by SHIKAMA
and SUzZUKI (1972) and OBATA et al. (1975),
and the geological background of various
fossil beds became clear to a great extent.
OBATA et al. (1975) contributed to the age
determination and international correlation
of this group on the basis of widely dis-
tributed ammonite species at several hori-
zons. According to them it is known that
the Choshi Group ranges from Barremian
to lower Upper Aptian. However, a new
question arose about the stratigraphy by
the discovery of a Barremian ammonite,
Barremites sp., in our collection at Loc. 2
(OBATA’S personal communication), since
the Kimigahama Formation involving this
fossil locality apparently overlies the

Ashikajima Formation, which has general-
ly been considered as Lower Aptian. This
must be solved by further field investi-
gation.

In the present article fifteen bivalve
species are described on the basis of newly
collected materials. Many specimens actu-
ally belong to already named species from
the Sanchu area of Kwanto mountains
and the Outer Zone of Southwest Japan
(western Kii Peninsula, Shikoku and Kyu-
shu), but their specific characters became
clearer by the excellent preservation of
the present material. Four species of
Mesosaccella (?), Rasatrix and Caestocor-
bula are described as new. The faunal
characters are discussed, taking some
other bivalves, which are not represented
in the present collection but were illus-
trated in previous works, into considera-
tion.

Locality guide

Loe. 1 [=Loc. 04 in Suikama and Suzuki,
1972; =Loc. 7306 in OBATA et al., 1975;
=Loc. 1 in Kase and MaEDA, 1980]

Location.—Coast of Isejigaura (35°43'13”N,
140°52/19”E).

Horizon and age.—Basal part of Isejigaura
Formation. Barremian.

Lithology.—Dark grey sandy siltstone with
calcareous concretions, in which fossils
occur.

Fossils.—Solemya sp., Amberleya (Eucyclus)
iaponica, Oolitica sp., Neohibolites(?) sp.,
Ptilophyllum pecten.

Loc. 2 [=Loc. 09 in SHikamMa and Suzuki,
1972; =Loc. 7316 in OBATA et al., 1975;
=Loc. 2 in Kase and MAEDA, 1980]

Location.—Northern coast of Kimigahama
(35°42'54”N, 140°52'24”7E).

Horizon end age.—Middle part of Kimigahama
Formation. Barremian.

Lithology.—Alternation of; grey fine-grained
sandstone and dark grey siltstone in which
a lens of fossiliferous grey calcareous
sandstone is contained. Fossil bivalves
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Text-fig. 1. Index map of the localities of Early Cretaceous

bivalve fossils in the Choshi district.

well preserved and frequently articulated.
Fine ornaments and spines of gastropods
also well preserved. (see KAsSe and MaEk-
DA, 1980)

Fossils.—[Fine-grained sandstone] Nuculopsis
(Palaeonucula)  ishidoensis, Portlandia
sanchuensis, Mesosaccella(?) choshiensis,
Mesosaccella (?) sp., Pinna (Pinne) sp.,
Rasatrix suzukii, Caestocorbula minima,
Corbulomima sp. cf. C. nuciformis. [Silt-
stone] Solemya sp., Grammatodon (Nano-
navis) yokoyamai, Pterotrigonia (Pterotri-
gonia) pocilliformis, Laevicardium(?) sp.
aff. L.(?) ishidoense, Caestocorbula shika-
mai, Plectomya aritagawene, Calliostoma (?)

ojii, Ataphrus nipponicus, Hayamia rex,
Hayamia choshiensis, Perissoptera elegans,
Pietteia cretacea, Ceratosiphon dense-
striatus, Vanikoropsis decussata, Eriptycha
Jjaponica, Barremites sp., Pulchellidae gen.
and sp. indet., echinoid, asteroid, shark
teeth, etc.
Loc. 3 [=Loc. 13 in SmikaMA and SuzUkl,
1972; =Loc. 7028 in OBaTA et al., 1975;
=Loc. 3 in Kase and MaEDA, 1980]
Location.—Coast of Nagasaki harbor (now not
exposed) (35°41’30”N, 140°51'54”E).
Horizon and age.—“Kimigahama Formation”.
Lower Aptian.
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Lithology.—Dark grey calcareous sandy silt-
stone.

Fossils.—Nuculosis (Palaeonucula) ishidoensis,
Cucullaea transversa, Eonavicula(?) sp.,
Neithea (Neithea) sp., Neithea (Neithella)
notabilis, Plicatula sp., Spondylus sp.,
Acesta(?) sp., Limidae gen. and sp. indet.,
Limatula nagaoi, Rastellum (Arctostrea)
carinatum, Gryphaea (Bilobissa?) sp.,
Lophe (Actinostreon) nagaoi, Amphidonte
(Ceratostreon) yabei, Amphidonte (Amphi-
donte) subhaliotoidea, Pachythaerus sp.,
Astarte (Yabea) shinanoensis, Opis(?) sp.,
Laevicardium (?) sp. aff. L. (?) ishidoense,
Corbulomima sp. cf. C. nuciformis, Metri-
omphalus nagasakiensis, etc. [Specific
names revised on the basis of SHiKaAMA
and Suzukr's (1972) illustrated specimens]

Loc. 4 [=Loc. 14 in SiikaMA and Stzuki,
1972]

Location.—Western coast of Nagasaki harbor
(35°41’31”N, 140°51'51”E).

Horizon end age.—“Kimigahama Formation”.
Lower Aptian.

Lithology.—Massive grey fine-grained sand-
stone. Fossils more or less abraded.
Fossils,.—Nuculopsis (Palaeonucula) ishidoensis,
Asterte (Astarte) subsenecta, Caestocorbula

shikamai, belemnoid.

Loc. 5 [=Loc. 17 in SHikama and Suzuki,
1972; =Loc. 7332 in OBATA et al., 1975]

Location.—Western end of a quarry at the
west of Nagasaki (Hatoyama) (35°41'34”N,
140°51'46"E).

Horizon and age.—“Kimigahama Formation”.
Lower Aptian.

Lithology.—Weathered massive fine- or medium-
grained sandstone. Fossils represented
by casts and moulds.

Fossils.—Portlendia (?)  sp., Pterotrigonia
(Pterotrigonia)  pocilliformis, Rasatrix
suzukii.

Loc. 6 [=Loc. 15 in Suikama and Suzuxi,
1972; =Loc. 7231 in OBATA et al., 1975)

Location.—Eastern coast of Tokawa (35°41’31”N,
140°5146"E).

Horizon and age.—“Kimigahama Formation”.
Lower Aptian.

Lithology.—Weathered coarse-grained sand-
stone.

Fossils.—Laevicerdium(?) sp. aff. L. (%) ishido-
ense.

Loc. 7 [=Loc. 08 in Suikama and Suzrki,
1972]

Location.—Small hill at the south of Ashika-
jima (35°43'00”N, 140°52'24"E).

Horizon end age.—Ashikajima
Barremian or Lower Aptian.

Lithology.—Massive  grey medium-grained

Formation.

sandstone. Fossils generally  well-
preserved.
Fossils.—Gervillie  (Gervillia)  forbesiana,

Nipponitrigonia choshiensis, Pterotrigonia
(Pterotrigonia)  pocilliformis,  Asterte
(Astarte) subsenecta, Laevicerdium(?) sp.
aff. L. (?) ishidoense, Caestocorbula
shikamai.

Loc. 8 [=Loc. 07 in Smikama and StzUkl,
1972]

Location.—Bathing coast of  Ashikajima
(35°43'03”N, 140°52'24"E).
Horizon and ege.—Ashikajima Formation.

Barremian or Lower Aptian.
Lithology.—Massive  grey  medium-grained
sandstone.
Fossils.—Astarte (Astarte) subsenectc.

Loc. 9 [=Loc. 12 in SHikama and Suzuki,
1972; == Loc. 7125 in OBaTA et al., 1975]

Location.—Coast of Toriakeura (35°41'39”N,
140°52"00”7E) .

Horizon and age.—Toriakeura
Upper Aptian.

Lithology.—Dark grey sandy shale.

Fossils.—Pcrvamussium sp.

Formation.

Systematic description
[by Itaru Havawmi]
Superfamily Nuculacea GRAY, 1824
Family Nuculidae Gray, 1824
Genus Nuculopsis GIRTY, 1911

Subgenus Palaeonucula QUENSTEDT, 1930
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Nuculopsis (Palaeonucula) ishidoensts
(YABE and NAGAO)

Plate 51, Figures 1-6

v. 1926. Nucule ishidoensis YABE and NAGAO,
in YABE, Nacao and Suimizu, Sci. Rep.
Tohoku Imp. Univ., ser. 2, vol. 11, no. 2,
p. 41, pl. 13, figs. 46, 47.

v. 1965. Nuculopsis (Palaeonucule) ishidoensis
(YaBe and NaGgao) : Havami, Mem. Fac.
Sci, Kyushu Univ., ser. D, vol. 15, no. 2,
p. 234.

v. cf. 1965. Nuculopsis (Palaeonucula) sp. cf.
N. (P.) ishidoensis (YABE and NAGAO) :
MaTtsumoTo, Havami and HasHimoTo,
Petrol, Geol. Tciwen, no. 4, p. 8, pl. 1,
fig. 8.

v. 1972. Nuculopsis (Palaeonucule) ishidoensis
(YABE and NAGAO) : SHIKAMA and SuzUKI,
Sci. Rep. Yokoheme Natn. Univ., sec. 2,
no. 19, pl. 4, figs. 5, 6.

1975. Nuculopsis (Palaeonucula) ishidoensis
(YaBe and NAGAO) : Havawmi, Bull. Univ.
Mus. Univ. Tokyo, no. 10, p. 20.

Type.—Of the two original specimens
of this species (IGPS no. 7125) from the
Ishido Formation at Ishido, Ohinata village,
Minami-saku County, Nagano Prefecture,
a left internal mould (YABE, NAGAO and
SHIMIZU, 1926, pl. 13, fig. 46) was desig-
nated by HAvAMI (1965a, p. 234) as the
lectotype.

Material.—The following description is
based on about 60 well preserved speci-
mens (UMUT MM9701-9715) from Loc. 2
and about 15 specimens (UMUT MM9716,
9717) from Loc. 4.

Diagnosis.—Medium-sized and unorna-
mented species of Palaeonucula, charac-
terized by the suboval outline, strongly
inflated and thick shell, smooth and shiny
surface, prominent and opisthogyrous
umbo and well delimited escutcheon. Hinge
teeth consisting of about 19 anterior and
about six posterior denticles, interrupted
by a comparatively undeveloped chondro-
phore.

Description.—Shell nuculiform or sub-
oval, scarcely exceeding 17 mm in maxi-
mum length and 13mm in transverse
height, highly inequilateral, strongly in-
flated ; umbo very prominent, rising highly
above dorsal margin, opisthogyrous, located
at about four-fifths of length from anterior
end ; antero-dorsal margin long, nearly
straight, obliquely truncated by anterior
margin; postero-dorsal margin compara-
tively short, forming an obtuse angle at
posterior end ; apical angle between antero-
dorsal and postero-dorsal margins about 95
degrees; ventral margin gently arcuate;
postero-dorsal area (escutcheon) a little
concave, heart-shaped, circumscribed by
a small ridge extending from umbo to poste-
rior angle ; surface shiny and smooth except
for fine growth-lines ; inner ventral margin
entirely smooth; both adductor muscle
scars strongly impressed ; anterior denti-
cles number about 19, relatively strong
and thick, while posterior ones are only
about six and densely spaced; chondro-
phore present but comparatively small;
umbonal cavity deep.

Remarks.—All of the type and sub-
sequently collected specimens from the
Ishido Formation of the Sanchu area are
poorly preserved internal and external
moulds. The newly collected specimens
from the Choshi Group have nearly com-
plete tests and are not deformed, exhibit-
ing well the external characters. The
smooth inner ventral margin is well re-
cognized by the four inarticulated speci-
mens (MM9705, 9706, 9713, 9714). The
hinge structure is, though incompletely
shown, also observable in them, but more
clearly in an incomplete specimen(MM9716)
and a left internal mould (MM9711), the
test of which was dissolved with diluted
HCl. The hinge and other internal struc-
tures of these specimens, particularly the
shape and numbers of anterior and pos-
terior denticles, agree well with those of



124 Itaru HAYAMI and Tatsuo OJI

Table 1. Measurements in mm [Nucu-
lopsis  (Palaeonucula) ishidoensis (YABE
and NaGao)]

Specimen Length Height Thickness

Conjoined valves
(MM 9701) 14.7  11.2 9.0

Right valve
(MM 9702) 14.6 11.9 4.6

Right valve
(MM 9703) 13.0 10.8 4.3

Right valve
(MM 9704) 10.8 8.2 3.1

Right valve
(MM 9705) 16.0 12.1 5.1

Conjoined valves
(MM 9707) 15.6 11.8 10.0

LegﬁAKflggog) 13.6  1L1 4.5
CO(HI\JA?\IAH esfn‘ff)llves 6.1 120 8.9
Lo 513 44 1L2 43
R 971 5.0 121 5.0

Form ratio (Length/Height) N=10, x=1.280,
s=0.051, V=3.953, O.R.=1.204-1. 342

the lectotype and paralectotype specimens.
The position of umbo appears to be located
more posteriorly in the lectotype and para-
lectotype, but it may be due to their
secondary deformation.

As noted by Cox (1940) and some others,
it may be difficult to draw a sharp bound-
ary between Palaeonucula QUENSTEDT,
1930 (commonly treated as a subgenus of
Nucula or Nuculopsis or a distinct genus)
and Leionucula QUENSTEDT, 1930 (a sub-
genus of Nucula). Palaeonucula, mainly
from the Triassic and Jurassic, seems
generally to have more posteriorly located
umbo, more reduced posterior denticles,
and more trapezoidal and strongly inflated
outline than Leionucula from the Creta-
ceous. As stated before (HAyaMI, 1965a),
the suboval outline and some other char-
acteristics of the present species may be

transitional
Leionucula.

The present species actually resembles
Nucula albensis D’ORBIGNY, 1844, the type-
species of Leionucula, from the Gault of
England (Woops, 1899) in the suboval
outline and clearly impressed escutcheon.
There is, however, some uncertainty about
the specific characters of N. albensis,
because D’ORBIGNY’s type material has
not been restudied, and because the Gault
specimens illustrated by GARDNER (1884)
and WooDs (1899) show an unusually wide
range of morphologic variation. The pre-
sent specimens differ from any Gault
specimen in the stronger shell convexity
and more posteriorly located umbo. Nucula
planata DESHAYES, 1842, from the Speeton
Clay and Lower Greensand of England
(Woobs, 1899) may be also a comparable
species, but it has decidedly less prominent
umbo and more weakly inflated shell and
is probably referable to Leionucula. Leio-
nucula olivensis VOKES, 1946, from the
Aptian of Lebanon, shows less prominent
umbo and larger apical angle than the
present species.

In the strongly inflated and thick shell
and much reduced posterior denticles the
present species seems to be more closely
related to some Jurassic and early Creta-
ceous species of Palaeonucula than to
above compared species of Leionucula.
Although the stratigraphic range of
Palaeonucula is said to be confined to the
Triassic and Jurassic (MCALESTER in COX
et al.,, 1969), Nucula glansiriticea WHIT-
FIELD, 1891, from the Aptian of Lebanon,
is undoubtedly referable to Palaeonucula,
as treated by VOKES (1946). The present
species, which differs from the Lebanon
species in the smooth and shiny surface,
seems to be another representative of this
subgenus.

Occurrence—Very common at Loc. 2
and common at Locs. 3 and 4. This spe-

between Palaeonucula and
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cies is also known from the Ishido For-
mation at Ishido, Ohinata village, Nagano
Prefecture (type locality), from the Arida
(=Arita) Formation in the Yuasa area of
Wakayama Prefecture, and from the Hano-
ura Formation at Hiroyasu, Katsuura town,
Tokushima Prefecture. Upper Neocomian
to Lower Aptian.

Superfamily Nuculanacea ADAMS
and ApAaMs, 1858

Family Nuculanidae ADAMS
and ApaMs, 1858

Genus Portlandia MORCH, 1857
Portlandia sanchuensis (YABE and NAGAO)
Plate 51, Figures 7-10

v. 1926. Nuculana sanchuensis YABE and
Nacao, in YaBge, Nacao and SHimizu,
Sci. Rep. Tohoku Imp. Univ., ser. 2, vol.
11, no. 2, p. 42, pl. 12, figs. 21-23.

v. 1965. Nuculana (s.l.) sanchuensis YABE
and Nacao: Havaxu, Mem. Fac, Sci.
Kyushu Univ., ser. D, vol. 15, no. 2, p.
235.

v. non 1972. Nuculana (s.l.) sp. cf. N. san-
chuensis YABE and NAGAO: SHikaMA and
Suzuki, Sci. Rep. Yokohama Netn. Univ.,
sec. 2, no. 19, pl. 4, fig. 3.

Type.—Of the three original specimens
of this species (IGPS no. 7115) from the
Ishido Formation at Ishido, Ohinata vil-
lage, Minami-saku County, Nagano Prefec-
ture, a right internal mould (YABE, NAGAO
and SHIMIzU, 1926, pl. 12, fig. 21) was
designated by HAavami1 (1965a, p. 235) as
the lectotype.

Material.—The following description is
based on four specimens (UMUT MM9718-
9721) at Loc. 2.

Diagnosis.—Small- or medium-sized spe-
cies of Portlandia, characterized by the
rostrated and flattened posterior area,

broad and orthogyrous umbo and numer-
ous fine concentric striae which are re-
stricted to the median portion of valves.

Description.—Shell small or medium for
thegenus, rarely exceeding 17mm in length,
elongate ovate, inequilateral, moderately
inflated ; test comparatively thin; antero-
dorsal margin nearly straight, gradually
bending down to rounded anterior margin ;
postero-dorsal margin long and broadly
concave, somewhat abruptly turned to
posterior margin at rostrated posterior
end; ventral margin smoothly arcuate;
umbo broad, not prominent, orthogyrous,
situated a little anteriorly from mid-
length; escutcheon not clearly demarcat-
ed; surface of middle portion of valve
ornamented by numerous delicate cencen-
tric striae, which are abruptly effaced
toward anterior and posterior sides; an-
terior and posterior areas quite smooth
except for growth-lines, occupying nearly
the same width as median ornamented
area ; muscle scars very weakly impressed ;
chondrophore present but hinge structure
exactly unknown.

Remarks.—The outline and surface char-
acters are best shown in a nearly complete
right valve (MM9718). The concentric
striae restricted to the middle portion are
also recognized in an incomplete left valve
(MM9720). Another specimen (MM9721)
reveals the interior of a right valve. The

Table 2. Measurements in mm [Portlendia
sanchuensis (YABE and NAGAO)]

Specimen Length  Height Thickness
Right valve

(MM 9718) 15.9 9.1 3.8
Right in. mould

(MM 9719) 16.6 9.3 3.4+
Left valve

(MM 9720) 16. 0+ 10.0 4.1
Right valve 14.6 8.3 9

(MM 9721)
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presence of chondrophore is ascertained
in this specimen, but the hinge teeth are
concealed by the matrix.

All of the type specimens of Nuculana
sanchuensis are poorly preserved, and the
surface characters of this species has
been imperfectly known. However, the
present specimens are certainly referable
to this species, because their outline is
quite identical with that of the lectotype
and paralectotypes. Nuculana (s.l) sp.
cf. N. sanchuensis from the Choshi Group
at a quarry of Nagasaki, which was illus-
tratad by SHIKAMA and SuzUKI (1972),
probably belongs to a different species,
because the shell is much shorter.

Judging from the rostrated but not
much tapered posterior area and other
external characters, the present species,
as suggested previously (HAvAMI, 1965a),
seems to be more appropriately regarded
as an early representative of Portlandia
rather than Nuculana. ICHIKAWA and
MAEDA (1958b) already described several
Upper Cretaceous species of Portlandia
from Southwest Japan, and the present
species indicates that the record of this
genus goes back to the Barremian.

The present species resembles Portlan-
dia izumensis ICHIKAWA and MAEDA, 1958,
from the Upper Cretaceous Izumi Group
of the Kii Peninsula and Awaji Island, but
differs from it in having broader umbonal
area. It is distinguishable from many
species of Portlandia by the concentric
striae restricted to the middle portion of
valves. This character may remind one
of that of the genus Borissia SLODKEVICH,
1938, but the resemblance may be super-
ficial, since such a restricted ornaments
are also known in some other nuculanid
genera.

Occurrence.—Rare at Loc. 2. This spe-
cies is also known from the Ishido For-
mation at Ishido, Ohinata village, Nagano
Prefecture, and at Shiroi and south of

Kagahara, Nakazato village, Gumma Pre-
fecture, from the Hanoura Formation at
the east of Nakagoya, Katsuura town,
Tokushima Prefecture, from the Arida
(=Arita) Formation at Suhara, Yuasa town,
Wakayama Prefecture, and also from the
Yatsushiro Formation at the southwest of
Kohara, Toyo village, Kumamoto Prefec-
ture.

Family Malletiidae ADAMS
and ApAMS, 1858

Genus Mesosaccella CHAVAN, 1946

Mesosaccella (?) choshiensis
HAyAMI, sp. nov.

Plate 51, Figures 11,12

Type.—The holotype (UMUT MM9722)
is an articulated specimen from Loc. 2,
on which the following description is
based. The paratype (MM9723) is a left
valve from the same locality.

Diagnosis.—Small-sized nuculanid char-
acterized by elongate-rhomboidal and Sac-
cella-like outline, submesially placed umbo,
narrow and weakly impressed escutcheon
and comparatively weak concentric striae
on the umbonal-middle portion of valves.

Description.—Shell small, transversely
elongated, rounded rhomboidal, moderately
inflated, lenticular in dorsal view ; antero-
and postero-dorsal margins nearly straight,
subequal in length, forming an apical
angle of about 130 degrees; anterior mar-
gin rounded, while posterior end of shell
is bluntly pointed; umbo not prominent
but pointed, placed near mid-length of
valve ; escutcheon narrow, delimited by a
shallow sulcus extending from umbo to
posterior end; surface unornamented ex-
cept for umbonal-middle portion of valves,
where a large number of faint concentric
striae are developed ; internal characters
unknown.
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Table 3. Measurements in mm [Meso-
saccella(?) choshiensis HAyaMi, sp. nov.]

Specimen Length Height Thickness

Holotype
conjoined valves 11.9 6.8 4.6
(MM 9722)

Paratype

left valve 13.5 7.7 2.7
(MM 9723)

Remarks.—The holotype is an articu-
lated specimen, from which the matrix
was completely removed. Although the
umbonal area of its right valve is broken,
the external characters are well shown.
Because of the ignorance of hinge and
ligament structure, the generic assignment
of this species is by no means certain,
but the Saccella-like outline seems to sug-
gest its tentative reference to Mesosaccella.
It is, in fact, similar to Nuculana mariae
(D’ORBIGNY) from the Gault of England
(Woobs, 1899) and Nuculana lineata (SOW-
ERBY) from the Lower Greensand of Eng-
land (Woobps, 1899), both of which are
regarded as belonging to Mesosaccella.
The present species, however, is different
from the two species in the nearly straight
postero-dorsal margin, less conspicuous
concentric striae and mesially placed umbo.
It is also similar to Mesosoccella insignis
(NAGAo, 1934) from the Upper Aptian to
Lower Albian Miyako Group in north Hon-
shu (HAvaMI, 1965a), but differs from that
species in the less developed concentric
striae and less sharply pointed posterior
end. It is distinguishable from Mesosac-
cella (?) taiwanensis HAYAMI in MATSU-
MOTO, HAYAMI and HasHiMOTO (1965)
from the buried Aptian of west Taiwan
by the narrower outline and stronger shell
convexity.

Occurrence.—Known only from Loc. 2.

Mesosaccella (?) sp. indet.
Plate 51, Figures 13, 14

This species is represented by a left
valve (UMUT MM9784, 6.5 mm long, 4.0
mm high, 1.3 mm thick) and a right valve
(MM9785, 7.6 mm long, 4.8 mm high, 1.5
mm thick). It is somewhat similar to the
preceding species, Mesosaccella (?) choshi-
ensis sp. nov., in the subrhomboidal out-
line, but the shell is much smaller and
somewhat shorter, and the umbonal surface
lacks any concentric ornamentation.

Occurrence.—Known only from Loc. 2.

Superfamily Solemyacea ADAMS
and ApAMS, 1857

Family Solemyidae ADAMS
and ApaMs, 1857

Genus Solemya LAMARCK, 1818
Solemya sp. indet.
Plate 51, Figures 15-17

Six specimens (UMUT MM9725-9730)
are available for this study, but all of
them are incomplete or secondarily de-
formed. The test is partly preserved in
two relatively large specimens (MM9725,
9726), and other specimens are internal
moulds.

Shell medium-sized for this genus, trans-
versely elongated with rounded anterior
and posterior margins, moderately inflat-
ed; ventral margin subparallel to dorsal
margin, long ; umbo placed very posterior-
ly ; surface marked with more than 12
subequidistant radial grooves which are
much narrower than their interspaces;
ligament structure unknown.

The present species somewhat resembles
Solemya angusticaudata NAGAO, 1932, from
the Upper Cretaceous of Hokkaido in the
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oblong outline, but the radial grooves
seem to be more widely spaced. Their
specific determination is now difficult,
because the material is too insufficient to
recognize the diagnostic characters.
Occurrence.—Rare at Loc. 1 and Loc. 2.

Superfamily Arcacea LAMARCK, 1809
Family Parallelodontidae DALL, 1898

Subfamily Grammatodontinae
BRANSON, 1942

Genus Grammatodon MEEK
and HAYDEN, 1861

Subgenus Nanonavis STEWART, 1930

Grammatodon (Nanonavis) yokoyamai
YABE and NAGAO

Plate 52, Figures 1-6

1890. Cuculleea cf. striatella MicHELIN : YOKO-
YAMA, Pelaeontogrephice, Bd. 36, p. 199,
pl. 25, fig. 13.

v. 1926. Gemmatodon [sic] yokoyemai YABE
and Nacao, in YABE, NAGao and SHiMIZU,
Sci. Rep. Tohoku Imp. Univ., ser. 2, vol.
9, no. 2, p. 44, pl. 12, figs. 12, 13, 25.

1963. Nanonavis yokoyamai (YABE and
NAGao) : MaTsumoTo, Havami and
AsaNo, A Survey of Fossils from Japan
Illustrated in Classical Monographs, p. 32,
pl. 51, fig. 13.

v. 1965. Nanonavis (Nanonavis) yokoyemai
(YaBeE and NaGao) : Havami, Mem. Fac.
Sci. Kyushu Univ., ser. D, vol. 15, no. 2,
p. 238, pl. 27, figs. 8-13.

v. 1965. Nanonevis (Nanonavis) sp. cf. N.
(N.) yokoyemai (YaBE and NAGAO):
Havawmi, Mem. Fac. Sci. Kyushu Univ.,
ser. D, vol. 15, no. 2, p. 241, pl. 27, fig.
14.

v. 1972. Neanonavis (Nanonavis) yokoyamei
(YABE and NAGAO) : SHikamMa and Suzuki,
Sci. Rep. Yokohama Natn. Univ., ser. 2,
no. 19, pl. 4, fig. 7.

1975. Graemmatodon (Nanonavis) yokoyemai

YaBe and NaGao: Havami, Bull. Univ.
Mus. Univ. Tokyo, no. 10, p. 29.

1976. Nanonavis yokoyamai (YABE and
NaGao) : TasHiro, Pal. Soc. Japen, Spec.
Pap., no. 19, p. 44, text-fig. 15A.

Type.—Of the three original specimens
of this species (IGPS no. 22555) from the
Ishido Formation at Ishido, Ohinata village,
Nagano Prefecture, an internal mould of
articulated valves (YABE, NAGAO and SHI-
MIzU, 1926, pl. 12, figs. 12,12a) was de-
signated by HAYAMI (1965a, p. 238) as the
lectotype.

Material.—The following description is
based on 55 specimens (UMUT MM9731-
9742) at Loc. 2.

Diagnosis.—Small-sized, strongly inflat-
ed and trapezoidal species of Nanonavis
with slightly larger left valve, character-
ized by the sharp and non-serrated pos-
terior carina, wide posterior area, and
weak radial ribs which are simple in the
left valve but composed of two orders of
prominence in the right, becoming strong-
er and more widely spaced towards the
anterior.

Description.—Shell small for the sub-
genus, scarcely exceeding 40 mm in length,
slightly inequivalve, subtrapezoidal, about
1.7 times longer than high, strongly in-
flated in full grown stage; test moderate
in thickness; left valve larger than right,
with ventral margin overlapping that of
right valve; dorsal margin long and
straight, extending nearly over total
length ; anterior margin rounded, forming
an angle of 70 to 80 degrees with dorsal
margin ; posterior margin slightly convex,
forming an obtuse angle of 100 to 110
degrees with dorsal margin; umbo rising
highly above dorsal margin, prosogyrous,
situated at about one-third of hinge-line
from frontal end; a sharp carina stretch-
ing from umbo to postero-ventral angle,
defining a concave posterior area; left
valve ornamented with about 35 narrow



723. Early Cretaceous Bivalvia from Choshi 429

radial ribs which are generally weak on
posterior and middle areas but become
stronger and more widely spaced towards
anterior end ; right valve also ornamented
with radial ribs of similar number, but
each of their interspaces marked with one
or two much weaker subordinate radial
riblets; cardinal area variable in breadth
but comparatively wide in full-grown
stage, bearing a number of chevron-shaped
ligament grooves; hinge teeth typical of
Nanonavis, convergent to a point below
umbo, consisting of several prosoclinal
anterior teeth and about three elongated
subhorizontal posterior teeth in each
valve ; inner ventral margin smooth with-
out crenulation.

Table 4. Measurements in mm [Gram-
metodon (Nanonavis) yokoyemai YABE and
NAGAO]

Specimen Length Height Thickness

Conjoined valves .
(MM 9731) 32.3 20.6 19.0

Conjoined valves _
(MM 9732) 38.0 21.7 22.6

Le&ﬂ'/lalg?ss) 33.0 189  10.0
Lo aras) 5.8 2.0 114
Legﬁdﬁlggss) 34.9  20.0 9.9
R ) 2.1+ 197 10.3
e o 9v36) 34.8 217 10.5
Ri%ll\l&tMv%lysea) 34.8 20.1 10.7
R 3.0+ 201 ?

Conjoined valves
(MM 9738) 34.6 20.6 21.7

Right in. mould 33.2 20.2

(MM 9739) 10.7+

Form ratio of left valve (Length/Height) N
=7, x=1.686, s=0.073, V=4.330, O.R.=1.568
—1.751

Remarks.—Most of the specimens avail-
able for this study are open or closed
articulate individuals. Their tests are
well preserved, and the surface ornamen-
tation is well exhibited. The unequal
shell size between two valves is observed
in three closed specimens (MM9731, 9732,
G738), in which the ventral margin of left
valve overlaps that of right valve. The
different surface ornamentation between
two valves are recognized in many articu-
lated specimens; the right valve has
always finer radial ribs which are of two
orders of prominence. In some specimens
the posterior area is further divided into
two subequal areas by an indistinct median
carina, which becomes obsolete toward
the posterior margin. The hinge structure
is observable only in two internal moulds
(MM9739, 9740), the test of which were
artificially dissolved by diluted HCIL. In
some larger specimens (e. g. MM9732) the
umbones are widely separated by broad
cardinal areas, and the ventral peripheral
areas of two valves are nearly vertical
to the commissure plane and marked with
dense and somewhat rugose growth-lines.
Analogy with the allometric growth in
some living species of the Anadarinae
seems to indicate that these are charac-
teristic features of the full-grown stage.

The present species was fully described
by YABE and NAGAO in YABE, NAGAO
and SHIMIZU (1926) and HAyAMI (1965a).
However, the material treated in these
works was mostly internal and external
moulds of inarticulate valves, and the de-
gree of inequivalveness and the different
mode of radial ribs were not recognized
on a firm basis.

The unequal size and ornamentation
between two valves of the present species
remind one of the diagnostic characters
of Indogrammatodon CoXx, 1937, whereas
the shell outline, especially the sharp pos-
terior carina, is essentially similar to
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Grammatodon carinatus (SOWERBY, 1813)
from the Lower Greensand and Gault of
England (WoobDs, 1899 ; etc.) which is the
type-species of Nanonavis. So far as I
am aware, unequal ornamentation has not
been recorded in G. carinatus, but Gram-
matodon securis (LEYMERIE, 1842) from
the Speeton Clay (Woobs, 1899, pl. 7, fig.
14a,b), which may be closely related to
G. carinatus, has fine radial ribs of two
orders on the right (not left) valve just
as the present species. So far as I ob-
served several articulated specimens of
G. carinatus preserved in the University
Museum, University of Tokyo, the ventral
margin of left valve scarcely overlaps that
of right, suggesting that the shell is com-
pletely or nearly equivalve. Therefore,
as suggested before (HAYAMI, 1965a), the
present species as well as G. securis looks
at a glance intermediate between Nano-
navis and Indogrammatodon. In living
species of Anadara, especially its subgenus
Scapharca, however, the degree of inequi-
valveness (size and ornamentation) is dif-
erent from species to species and regarded
as changeable within an infrageneric
group. This character is presumably re-
lated to the difference in the mode of
life. In Japan, ICHIKAWA and MAEDA
(1958a) regarded an Uppermost Cretaceous
species having inequivalve shells as be-
longing to Indogrammatodon, but, as
treated by TASHIRO (1976), it seems to be
more closely related to some Upper Creta-
ceous species of Nanonavis than Jurassic
species of Indogrammatodon. 1 think that
unequal size and ornamentation between
two valves may be actually a wide-spread
feature not only in Indogrammatodon but
also in Nanonavis and Cucullaea.

As noted above, the present species
closely resembles Grammatodon (Nanona-
vis) carinatus and G. (N.) securis from
the Lower Cretaceous of western Europe,
but it is decidedly different from them in

the much weakened radial ribs cn the
middle and posterior areas. The posterior
carina is often finely serrated in the two
European species, but such a tendency
has not been observed in the present spe-
cies. Comparisons between the present
species and some Upper Cretaceous spe-
cies of Nanonavis from Japan and Sagha-
lien were already discussed by HAvAMI
(1965a) and TASHIRO (1976).

Occurrence—Common at Loc. 2. This
species occurs from the Aridan and Miya-
koan (upper Neocomian to Albian) strata
at various localities in Japan (see HAYAMI,
1965a, p. 241, for the detail).

Superfamily Pinnacea LEAcH, 1819
Family Pinnidae LEACH, 1819
Genus Pinna LINNAEUS, 1758

Subgenus Pinna LINNAEUS, 17Z8

Pinna (Pinna) sp. indet.
Plate 51, Figure 18

v. 1972. Pinna sp. cf. P. robincldina
D’ORBIGNY : SHIKAMA and Suzuki, Sci
Rep. Yokohema Natn. Univ., sec. 2, no.
19, pl. 4, fig. 11.

The present species is represented here
by an articulate but incomplete specimen
(UMUT MM9743) from the Kimigahama
Formation at Loc. 2. It is 70.0 mm long,
24.6 mm wide and 10.7 mm thick, showing
an angulated median ridge and about ten
fine radial riblets on each slope. These
characters agree well with the specimen
from the same or adjacent locality of
Kimigahama which was illustrated by
SHIKAMA and SUZUKI (1972) as Pinna sp.
cf. P. robinaldina. If compared with Pinna
robinaldina D’ORBIGNY, 1844, from the
Aptian and Albian of western Europe
(Woops, 1905-1906; etc.) and Pinna sp.
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cf. P. robinaldina from the Barremian
Ishido Formation and the Aptian Hinagu
Formation in Japan (Havyami, 1965a), the
shell is much smaller and the radial ribs
are much weaker, although the present
and SHIKAMA and SUZUKI's specimens
may be immature.
Occurrence—Rare at Loc. 2.

Superfamily Trigoniacea LAMARCK, 1819
Family Trigoniidae LAMARCK, 1819

Subfamily Pterotrigoniinae
VAN HOEPEN, 1929

Genus Pterotrigonia VAN HOEPEXN, 1929

Subgenus Pterotrigonia
vAN HOEPEN, 1929

Pterotrigonia (Pterotrigonia)
pocilliformis (YOKOYAMA)

Plate 52, Figure 7

Synonymy.—Only illustrated specimens of
this species from the Choshi Group are listed

below [see Havawmr (1975, p. 117) and
TaMmMuRrRA’”  (1978a) revision for the full
synonymy].

1906. Trigonia sp., IstiwaTari, Jour. Geol.
Soc. Tokyo, vol. 13, p. 216.

1923. Trigonia  pocilliformis  YOKOYAMA :
YEHARA, Jaepen. Jour. Geol. Geogr., vol.
2, p. 71, pl. 10, fig. 4.

1978. Pterotrigonia (Pterotrigonic) pocilli-
formis (Yoxkovama): TamMURA, Mem,
Fac. Educ. Kumemoto Univ., no. 27, p.
91, pl. 3, figs. 12, 13.

Remarks.—Recently TAMURA (1978a)
discussed the relation and distinction be-
tween Pterotrigonia (Pterotrigonia) hok-
kaidoana (YEHARA) and other related
species of Pterotrigonia in Japan. A large
number of specimens illustrated by TA-
MURA (1978a, pl. 3, figs. 1-15; 1978b, pl.
1, figs. 10, 11) should be added to the

synonymy of P. (P.) pocilliformis given
by HAavamr (1975). As clarified by Ta-
MURA, P. (P.) hokkaidoana seems to be
distinguishable from P. (P.) pocilliformis
by the larger and broader shell and more
abruptly broadened posterior area in the
late stage of growth.

From the Choshi Group, ISHIWATARI
(1906) first reported the occurrence of a
trigoniid from a quarry of Nagasaki,
which is, as treated by YEHARA, referable
to P. (P.) pocilliformis. Since then, a
considerable number of specimens of
Pterotrigonia were collected by geologists
and amateurs at several localities in the
Choshi Peninsula. So far as [ am aware,
all the specimens from this group includ-
ing illustrated ones by YEHARA (1923)
and TAMURA (1978a) show narrowly ros-
trated outline and seem to belong to P.
(P.) pocilliformis instead of P. (P.) hok-
kaidoana. The present specimens (UMUT
MM9770-9782) collected at Loc. 2 and
Loc. 5 are also certainly referable to P.
(P.) pocilliformis.

Occurrence.—Common at Locs. 2, 5 and
7. This species occurs very commonly
from the Upper Neocomian to Albian de-
posits at various localities in Japan (see
NAKANO, 1960 ; HAavaMI, 1975; TAMURA,
1978a).

Superfamily Crassatellacea
FErussac, 1822

Family Astartidae D'ORBIGNY, 1844
Subfamily Astartinae D’ORBIGNY, 1844
Genus Astarte J. SOWERBY, 1816
Subgenus Astarte J. SOWERBY, 1816

Astarte (Astarte) subsenecta
YABE and NAGAO

Plate 53, Figures 1-6
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v. 1926. Astarte subsenectea YABE and Nacao,
in YABE, NAGAO and SHiMmizu, Sci. Rep.
Tohoku Imp. Univ., ser. 2, vol. 9, pt. 3,
p. 57, pl. 13, figs. 14-16, pl. 14, fig. 11.

v. 1926. Astaerte subsenecta var. costata Y ABE
and NAGAO, in YABE, NAGAO and SHiMIZU,
Sci. Rep. Tohoku Imp. Univ., ser. 2, vol.
9, pt. 3, p. 48, pl. 14, fig. 10.

v. 1965. Astarte (Astarte) subsenecta YABE
and Nacao: Havami, Mem. Fac. Sci.
Kyushu Univ., ser. D, vol. 17, no. 2, p.
81, pl. 7, figs. 10-18, pl. 14, figs. 1-5.

v. 1965. Astarte (Astarte) sp. cf. A. (A
subsenecta YABE and Nacao: Havawmi,
Mem. Fac. Sci. Kynshu Univ., ser. D, vol.
17, no. 2, p. 84, pl. 11, figs. 9, 10.

v. 1965. Asterte (Astarte) costata YABE and
Nacao: Havami, Mem. Fac. Sci. Kyushu
Univ., ser. D, vol. 17, no. 2, p. 85, pl. 8,
figs. 1, 2.

v. non 1972. Astarte (Astarte) subsenecta
YaBE and NAGAO: SHIKAMA and SHIMIZU,
Sci. Rep. Yokohama Natn. Univ., sec. 2,
no. 19, pl. 6, fig. 4. [probably an unde-
scribed species of Pachytheerus)

v. 1972, Astarte (Astarte) costata YABE and
NaGao: SHikAMA and Suzuki, Sci. Rep.
Yokohama Natn, Univ., sec. 2, no. 19, pl.
6, fig. 5.

v. 1975. Astarte (Astarte) subsenecta YABE
and Nacao: Havawmi, Bull. Univ. Mus.
Univ. Tokyo, no. 10, p. 125, pl. 6, figs. 3,
4.

1975. Astarte (Astarte) costate YABE and
NacGcao: Havawmi, Bull., Univ. Mus. Univ.
Tokyo, no. 10, p. 125.

Type—Of the four illustrated original
specimens of this species (IGPS no. 22534)
a right external mould from the Ishido
Formation at Ishido, Ohinata village,
Minami-saku County, Nagano Prefecture
(YABE, NAGAO and SHIMIzU, 1926, pl. 14,
fig. 11) was designated by HAvaMmr (1965b,
p. 82) as the lectotype. YABE, NAGAO
and SHIMIZU (1926, pl. 14, fig. 10) illus-
trated another external mould of left valve
(IGPS no. 22483) under the name of
Astarte subsenecta var. costata. This

specimen was generally regarded as the
“holotype” of this variety. It is, however,
clear from the original description that
this variety was described on the basis
of two or more specimens, and HANZAWA,
ASANO and TAKATI's (1961) procedure is
here interpreted to constitute the first
and valid designation of the lectotype of
var. costata.

Material.—The following description is
based on 12 specimens (UMUT MM9744-
9752) from Loc. 4 and Loc. 7.

Diagnosis.—Medium-sized species of
Astarte (s.s.) characterized by trigonally
ovate and not strongly inflated shell, well
delimited siphonal margin, and concentric
ribs of variable prominence which com-
monly become weaker with growth. Ven-
tral margin rounded and internally crenu-
lated only in adult stage. Hinge typical
of Astarte (s.s.), with relatively low car-
dinal teeth having fine transverse striae
on lateral sides.

Description.—Shell medium in size,
scarcely exceeding 22 mm in length and
20mm in height, inequilateral, trigonally
ovate, more or less longer than high, not
strongly inflated ; test moderate in thick-
ness; umbo pointed, prosogyrous, located
at about two-fifths of length from front;
antero-dorsal margin slightly concave,
moderate in length ; postero-dorsal margin
gently arcuate, longer than antero-dorsal ;
siphonal (posterior) margin well delimited,
forming obtuse angles with postero-dorsal
and ventral margins; lunule and escut-
cheon comparatively narrow, defined by
a blunt ridge, respectively ; a blunt carina
running from umbo to postero-ventral
corner, obscurely defining posterior area;
surface ornamented with widely spaced
concentric ribs of variable prominence,
which are sometimes persistent but more
commonly became weaker with growth;
ventral margin rounded and internally
crenulated in adult stage, while it is
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Table 5. Measurements in mm [Astarte
(Astarte) subsenecta YABE and NAGAO]

Specimen Length Height Thickness
Ri%[{‘,[ﬁw"%‘;’ﬁ) 9.0  18.7 ca. 6.0
Right valve

(MM 9745) 18.4 17.2 6.4
R‘%&tM"%%%) 19.9  18.8 ca. 6.5
Right valve

(MM 9747) 19.7 19.3 5.1
Ri%&tMV%?fS) 1.3 9.6 ca. 3.0
Right valve

(MM 9749) 20.0 18.1 5.7
Conjoined valves

(MM 9750) 18.6 17.4 8.6
Conjoined valves

(MM 9751) 19.7 19.3 9.8

Form ratio (Length/Height) N=8, x=1.067,
1.17

s=0.054, V=5.069, O.R.=1.016—1.1

7

sharply edged and not crenulated in im-
mature stage; umbonal cavity shallow.
Detailed hinge and muscle structures not
observable in the present material.
Remarks.—All the specimens in the
present collection have well preserved
tests and reveal the external characters,
but the hinge structure is only partly
exposed in three right valves (MM9745-
9747). The development of concentric ribs
is quite variable in prominence and per-
sistence; they are sometimes persistent
throughout the growth (e. g. MM9744) but
occasionally restricted to the umbonal area
(e. g. MM9745). Furthermore, the surface
is nearly smooth except for growth-
lamellae throughout the growth in a few
specimens (e.g. MM9746). As shown in
a right valve (MM9747), the ventral mar-
gin is sharply edged and not crenulated
internally. From the analogy with some
living species of Astarte, these are regard-
ed as characteristic of immature growth
stage. As recognized in many specimens

regarded as adult, the convexity of shell
becames stronger near the ventral margin
and fine internal crenulations are devel-
oped on the rounded edge (e.g. MM9787).
Such a wide range of morphological
variation and remarkable ontogenetic
change seem to have lead the identifica-
tion of the present species astray. When
YABE and NAGAO i YABE, NAGAO and
SHIMIZU (1926) described Astarte sub-
senecta from the Ishido Formation at Ishido
of the Sanchu area, a few specimens
having persistent concentric ribs from the
“Kawarazawa Formation” at Kawarazawa
of the same area were named A. sub-
senecta var. costata. All the original
specimens of A. subsenecta including this
variety are pcorly preserved and second-
arily deformed. The detailed characters
of this species, especially the hinge and
other internal characters, were subse-
quently described by Havamr (1965b) on
the basis of better preserved specimens
from the Ishido Formation at the south
of Kagahara of the Sanshu area. On
that occasion the variety costata was in-
terpreted with a query to constitute a
distinct species for the reason that the
concentric ribs are more persistent and
the shell convexity is weaker than typical
specimens of A. subsenecta. As described
above, however, these characters do not
seem to constitute any specific criteria.
Although further studies on the topo-
type specimens of this variety may be
desirable, it is here concluded that the
variety costata is taxonomically indistin-
guishable from A. (A.) subsenecta, because
almost all the intermediate specimens are
represented in the fossil samples at the
present localities and the south of Kaga-
hara (Loc. Hy. 4003 in HAvAMI, 1965b).
The two illustrated specimens of A. (A.)
costata in HAYAMI (1965b, pl. 8, figs. 1, 2)
from the Ishido Formation at the south
of Kagahara and the Choshi Group at
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Ashikajima of Choshi are most certainly
immature individuals of A. (A.) subsenecta.

Occurrence.—Common at Locs. 4, 7 and
8. This species occurs commonly from
the Aridan to upper Miyakoan (upper
Neocomian to Albian) strata at various
localities in Japan (see HayaMi, 1965b,
pp. 84-86, for the detail).

Superfamily Cardiacea LAMARCEK, 1809
Family Cardiidae LAMARCK, 1809
Subfamily Laevicardiinae KEEN, 1936
Genus Laevicardium SWAINSON, 1840

Laevicardium (?) sp. aff. L. (?) ishidoense
(YABE and NAGAO)

Plate 53, Figure 7

v. 1972. Nemocardium yatsushiroense Hayami :
SuikaMa and Suzuxki, Sci Rep. Yokohama
Natn, Univ., sec. 2, no. 19, pl. 6, fig. 9.

v. 1972. Leevicardium? ishidoense Havami:
SHikAMA and Stuzuki, Sci. Rep. Yokohama
Natn, Univ., sec. 2, no. 19, pl. 6, fig. 10.

1978. Laevicardium (?) ishidoense (YABE and
NAGao) : KaTTto and Tasuiro, Res. Rep.
Kochi Univ., vol. 27, Nat. Sci., p. 146, pl.
1, figs. 12-15.

The present species is here represented
by two specimens. One of them (UMUT
MM9769, 28.3+mm long, 26.0-+mm high,
11.04+mm thick) consists of incomplete
internal and external moulds of a left
valve, and the other (MM9770, 35.24+mm
long, 35.04+mm high, 16.04+mm thick) is a
broken left internal mould. The test is
partly preserved on the internal moulds,
but mostly exfoliated or artificially dis-
solved away.

The original shell is probably higher
than long and strongly inflated. The
surface is wholly ornamented with more
than 130 delicate radial riblets, which
become somewhat weaker towards the

anterior and posterior peripheral areas.
In the outline as well as mode of radial
ornamentation the present species is iden-
tical with Laevicardium (?) ishidoense by
KATTO and TAsHIRO (1978) from the
Doganaro Formation of Shikoku. If com-
pared with typical specimens of that
species from the Ishido Formation (YABE,
NAGAO and SHIMIZU, 1926) and the Yatsu-
shiro Formation (HAvyAMI, 1965b), however,
the shell is larger and less elongated
vertically, and the test is probably thinner.

Occurrence.—Rare at Locs. 2, 6 and 7.

Superfamily Veneracea RAFINESQUE, 1815
Family Veneridae RAFINESQUE, 1815
Subfamily Pitarinae STEWART, 1930

Genus Rasatrix CASEY, 1952
Rasatrix suzukii HAYAMI, sp. nov.
Plate 51, Figures 19-22

v. 1972. Eriphyle sp. cf. E. (Eriphyla)
pulchella Havami: SHIKAMA and Suzukl,
Sci. Rep. Yokohema Natn. Univ., sec. 2,
no. 19, pl. 6, fig. 7.

Type.—The holotype is a left valve
(UMUT MM9771) from Loc. 2.
Material.—In addition to the holotype
the following description is based on
seven paratypes (UMUT MM9772-9778)
from the type locality.
Diagnosis.—Small-sized species of Rasa-
trix, characterized by relatively tall out-
line, thin test, small apical angle, large
and faintly impressed lunule and densely
spaced concentric striae which become
stronger toward ventral margin.
Description.—Shell small for the genus,
rarely exceeding 17mm in maximum
length, trigonally suborbicular, strongly
inflated ; length a little larger than height ;
test thin; antero-dorsal margin relatively
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long, weakly concave, meeting anterior
margin with a very obtuse angle ; postero-
dorsal margin moderate in length, broadly
convex, passing into posterior margin with
an obtuse angle; ventral margin almost
symmetrically arcuate, not clearly sepa-
rated from anterior and posterior margins ;
apical angle about 110 degrees; umbo
placed submesially or a little anteriorly
from mid-length, slightly recurved, proso-
gyrous; lunule wide, weakly separated
from main part by a shallow groove, but
not much depressed; escutcheon narrow
but distinct, delimitted by a ridge ; surface
marked with numerous densely spaced
concentric striae which become stronger
toward ventral margin; growth rings
appearing irregularly in adult stage; ven-
tral margin not crenulated internally, and
no radial element perceptible ; hinge struc-
ture unknown.

Table 6. Measurements in mm [Rasatrix
suzukii HAYAMI, sp. nov.]

Specimen Length  Height Thickness

Holotype
left valve 15.4 13.7 3.8
(MM 9771)

Paratype
right valve 11.4 10.1 ca.3.0
(MM 9772)

Paratype
left valve 12.2 10.8 ca.3.0
(MM 9773)

Paratype
right valve 13.8 12.4 3.6
(MM 9774)

Paratype
right valve 10.5 9.9 ca.2.7
(MM 9775)

Paratype
right valve 13.5
(MM 9776)

Paratype
left valve
(MM 9777)
Paratype

right valve
(MM 9778)

10.8+ ca.3.5
16. 1+ 15.0+ ca.4.0

14. 4+ 12.84+ ca.3.8

Form ratio (Length/Height) N=5, x=1.111,
s=0.029, V=2.608, O.R.=1.061-1.130

Remarks.—The holotype is a mnearly
complete left valve, though its dorsal
margin is still buried in the matrix. Most
of the paratypes are incomplete. Because
the test is thin and fragile, many speci-
mens were damaged during the mechani-
cal preparation. I have tried in vain to
observe the hinge structure by dissolving
the test, because the matrix is also cal-
careous and too coarse-grained.

Notwithstanding these difficulties, the
external characters, especially the shell
form and weakly impressed lunule, indi-
cate that the present species belongs to
the genus Rasatrix CASEY, 1952. In
comparison with its type-species, Rasatrix
(s.s.) dolabra CASEY, 1952, from the Lower
Greensand of England, the shell is smaller
and somewhat taller, and the postero-
dorsal corner is not so clearly angulated.
In these respects the present species may
be more closely allied to Cyprimeria (Cy-
clorisma) parva (SOWERBY) from the Low-
er Greensand of England (WooDs, 1908),
which was referred to Rasatrix by CASEY
(1961) and partly renamed Rasatrix woodst
by CASEY (1952). However, the shell is
slightly shorter and the apical angle is
decidedly smaller in the present species.
Rasatrix was classified into three sub-
genera by CASEY (1952, 1961), but the
subgeneric reference of the present spe-
cies cannot be determined here, since the
hinge structure is unknown.

SHIKAMA and SuUzZUKI (1972) collected
many specimens of this species from
several other localities of the Choshi
Group, comparing them with Eriphyla
pulchella HAYAMI, 1965b, from the lower
Albian part of the Miyako Group in north
Honshu. Although the suborbicular out-
line may remind one of that of the Eri-
phylinae, the present species is certainly
unrelated to the Miyako species in view
of the much thinner test, stronger shell
convexity, denser concentric striae and
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different mode of lunule.
Occurrence.—Common at Loc. 2 and
Loc. 5.

Suberfamily Myacea LAMARCK, 1809
Family Corbulidae LAMARCK, 1818
Subfamily Caestocorbulinae VOKES, 1945
Genus Caestocorbula VINCENT, 1910

Caestocorbula shikamai HAYAMI, sp. nov.
Plate 53, Figures 8-12

v. 1972. Pulsides [sic] higoensis (MATSU-
MOTO) : SHIKAMA and Suzuki, Sci. Rep.
Yokohame Netn. Univ., sec. 2, no. 19, pl.
6, figs. 13, 14.

Type.—The holotype is a nearly com-
plete right valve (UMUT MM9753) from
Loc. 7.

Material.—In addition to the holotype
the following description is based on 15
specimens (MM9754-9763) from the type
locality and Loc. 4.

Diagnosis.—Medium-sized and solid spe-
cies of Caestocorbula characterized by the
strongly inflated and slightly rostrated
right valve, the smaller, not rostrated and
weakly constricted left valve and un-
developed concentric ribs.

Description.—Shell medium in size for
corbulids, highly inequivalve and inequi-
lateral ; test heavy and solid ; right valve
strongly inflated, shortly but distinctly
rostrated with obliquely truncated poster-
ior margin, provided with broad and in-
curved umbo and broadly concave postero-
dorsal margin; left valve much smaller
than right, moderately inflated, pyriform,
not rostrated but slightly constricted in
middle, having nearly straight or a little
convex postero-dorsal margin and slightly
sinuated ventral margin; siphonal plate
of left valve possibly present but not

observed ; posterior carina rounded in two
valves, obscurely defining posterior area;
umbo prosogyrous, broad, placed submesi-
ally ; surface smooth except for densely
spaced concentric striae of regular inter-
val. Internally, antero-dorsal, postero-
dorsal and ventral margins of right valve
distinctly grooved for reception of margins
of left valve, indicating the left valve is
much smaller and overlapped by right

Table 7. Measurements in mm [Ccesto-
corbula shikamei HayAMI, sp. nov.]

Specimen Length  Height Thickness

Holotype
right valve 22.3 16.1 9.4
(MM 9753)

Paratype :
right valve 18.6 13.8 9.0
(MM 9754)

Paratype
right valve 19.4 14.8 8.2
(MM 9755)

Paratype
right valve 18.9 14.8 7.6
(MM 9756)

Paratype
right valve 21.0 15.8 10.1
(MM 9757)

Paratype
left valve 17.9 13.6 6.6
(MM 9758)

Paratype
left valve 16.7 12.1 6.3
(MM 8579)

Paratype
left valve 14.8 11.8 6.5
(MM 9760)

Paratype
right in. mould 21.3
(MM 9761)

Paratype
right in. mould 19.6 13.9
(MM 9762)

Paratype
left in. mould 15.5 12.2
(MM 9763)

7.5+

8.5+

4.5+

Form ratio (Length/Height) Right valves: N
=6,%x=1.343,s=0.049,V=3.625,0.R.=1.277—
1.410; Left valves: N=4, x=1.305, s=0. 056,
V=4.328, O.R.=1.254—1.380
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valve ; interior of posterior part of right
valve remarkably flattened; right valve
provided with a strong tusk-like cardinal
tooth and a large resilifer pit behind it,
while left valve has a corresponding
socket and a subtrigonal chondrophore;
adductor muscle scars suboval, clearly
impressed, pallial line shallowly sinuated
below posterior adductor scar.

Remarks.—The holotype and paratype
(MM9754) from Loc. 7 are well preserved
and show concentrically ornamented sur-
face. Other paratypes (MM9755-9760) from
Loc. 7 show apparently smooth surface,
but it is certainly due to pre-depositional
abrasion. Three artificial internal moulds
(MM9761-9763) were prepared by using
HCI and cementing agent, and hinge and
other internal structures of two valves
were successfully observed.

Although the development of siphonal
plate is not actually ascertained, the pre-
sent species shows similar hinge and
other essential characters to the known
species of Caestocorbula. According to
VOKES (1944, 1945, 1946), Parmicorbula
VOKES, 1944, also has similar discrepant
valves and developed pallial sinus, but, as
treated by KEEN in Cox et al. (1969), it
is regarded as a subgenus of Caestocor-
bula. Because the siphonal plate is not
preserved in the present material, it is
difficult to determine whether the present
species belongs to Caestocorbula (s.s.) or
Parmicorbula.

The present species is possibly related
to Caestocorbula (Parmicorbula) neaeroidea
(BLANCKENHORN, 1890) from the Aptian
of Lebanon (VOKES, 1944, 1945, 1946), but
the posterior rostrum of right valve is
much shorter. In this respect it is more
similar to Caestocorbula (Caestocorbula)
olivae (WHITFIELD) also from the Aptian
of Lebanon (VOKES, 1946), but the shell
is somewhat larger and the concentric
ribs on the surface are much weaker and

more densely spaced. SHIKAMA and SuU-
ZUKI (1972) referred some specimens of
the present species to Pulsidis higoensis
(MATUMOTO, 1938) from the Upper Albian-
Cenomanian Gosyonoura Group and the
Albian Yatsushiro Formation of Kyushu.
The specific characters of P. higoensis
became clearer through TAMURA’s (1977)
study on the material from the Ceno-
manian Mifune Group of Kyushu. Actu-
ally, the outline of right valve and the
shape of pallial sinus may be somewhat
similar, but the present species differs
from that species in the larger shell size,
sinuated ventral margin of left valve,
more rounded and larger resilifer pit,
stronger tusk-like tooth and more remark-
ably discrepant valves. In the external
characters the present species may be
most closely akin to Corbula striatula ].
de C. SOWERBY, 1827, from the Lower
Greensand of England (Woobs, 1908),
which was regarded by CASEY (1961) as
belonging to Parmicorbula. However, it
differs from the British species in the less
sharply carinated outline of right valve,
more elongated and weakly constricted
left valve and much larger shell size.

Occurrence.—Rare at Locs. 2 and 7 and
common at Loc. 4.

Caestocorbula minima HAYAMI, sp. nov.
Plate 53, Figures 15, 16

Type.—The holotype is a nearly com-
plete articulated specimen (UMUT MM
9764) from Loc. 2.

Material.—In addition to the holotype,
the following description is supplemented
by two paratypes (MM9765, 9766) from
the type locality.

Diagnosis.—Small-sized species of Cae-
stocorbula characterized by the Nuculana-
like outline of right valve with a narrow
and pointed posterior rostrum, smaller and



~

438

triangular left valve with discrepant ven-
tral margin and small flattened siphonal
plate, and densely spaced concentric striae
on surface.

Description.—Shell very small, scarcely
exceeding 10mm in maximum length,
highly inequivalve and inequilateral ; test
moderate in thickness; right valve much
larger than left, Nuculana-like in outline,
strongly inflated, having a narrowly elon-
gated rostrum which is tapered posteriorly
and pointed at end; left valve subtriangu-
lar, tightly embraced by valve margin of
right valve, having a small, rectangular
and flattened siphonal plate corresponding
to posterior rostrum of right valve; umbo
orthogyrous, placed a little anteriorly from
mid-length of shell; surface of two valves
marked with densely spaced concentric
striae ; hinge and other internal characters
unknown.

Remarks.—The holotype shows nearly
complete outline of two valves and sipho-
nal plate. The posterior rostrum and sipho-
nal plate are broken in another articulated
specimen (MM9765). The small rectangu-
lar siphonal plate, which appears nearly
flat, seems to indicate that the present
species belongs to the subgenus Parmi-
corbula VOKES, 1944, instead of Caesto-
corbula (s. str.). However, its subgeneric
reference is still uncertain, because of the

Table 8. Measurements in mm [Caesto-
corbula minime HAYAMI, sp. nov.]

Specimen Length Height Thickness

Holotype
conjoined valves
(MM 9764)

Paratype,
conjoined valves
(MM 9765)

Paratype,
left valve
(MM 9766)

7.1 4.6 3.8

7.0+ 5.4 4.6

6.9 5.3 2.1

Itaru HAYAMI and Tatsuo OJI

ignorance of hinge structure.

The present species evidently differs
from Caestocorbula shikamai, sp. nov. from
the Choshi Group in the much smaller
size, more densely spaced concentric striae
and narrowly elongated posterior rostrum
of right valve. Caestocorbula (Parmicor-
bula) striatula (J. de C. SOWERBY, 1827)
may be the closest species so far known.
It has comparable size with the present
species, but the posterior carina is dis-
tinctly sharper in the Lower Greensand
species.

Occurrence.—Rare at Loc. 2.

Subfamily Corbulinae GrAY, 1823
Genus Corbulomima VOKES, 1945
Corbulomima sp. cf. C. nuciformis VOKES
Plate 53, Figures 13, 14

v. 1972. Corbulomine [sic] sp. aff. C. nuci-
formis VOKES : SHIKAMA and Suzuki, Sci.
Rep. Yokohama Natn. Univ., sec. 2, no.
19, pl. 4, figs. 5, 6.

Material.—The following description is
based on two articulated specimens (UMUT
MM9767, 9768) from Loc. 2.

Description.—Shell very small for cor-
bulids, subtrapezoidal, not rostrated, very
inequivalve, inequilateral, strongly inflat-
ed ; test relatively thin; right valve larger
than left with more prominent umbo,
overlapping tightly the marginal area of
left valve; umbo prosogyrous, placed
a little anteriorly from mid-length of
valve ; anterior margin slightly concave,
while posterior margin is broadly convex ;
a sharp carina running from umbo to
postero-ventral angle in each valve, de-
fining clearly posterior area; surface of
middle ventral portion ornamented with
densely spaced concentric striae, whereas
umbonal and posterior areas are nearly
smooth ; hinge structure unknown; a
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Table. 9. Measurements in mm [Corbu-
lomima sp. cf. C. nuciformis VOKES]

Specimen Length  Height Thickness

Conjoined
valves 10.2 8.8 7.1
(MM 9767)

Conjoined
in. mould 8.5 7.1 6.7
(MM 9768)

tooth-like buttress developed on the in-
terior of posterior area in each valve.

Remarks.—The test is well preserved in
one specimen (MM9767) but nearly com-
pletely exfoliated in the other (MM9768).
The unequal size and discrepant margins
between two valves are clearly observed
in these specimens.

As treated adequately by SHIKAMA and
Suzuki (1972), the present species un-
doubtedly belongs to the genus Corbulo-
mima VOKES, 1945, resembling its type-
species, C. nuciformis VOKES, 1945, from
the Aptian of Lebanon. The inequivalve
shell with discrepant valve margin, small
size and posterior internal buttress are so
similar that specific distinction may be
difficult. The concentric striae on the
ventral surface, however, seem to be finer
in the present specimens, if compared
with the figured specimen (VOKES, 1946,
pl. 10, fig. 16) of the Lebanon species.

The present species may also be related
to Corbula gaultina PICTET and CAMPICHE,
1864, from the Lower Gault of England
(Woops, 1908), which seems to belong to
the same genus, but the shell is somewhat
larger and more sharply carinated.

Occurrence.—Rare at Loc. 2 and Loc. 3.

Superfamily Pandoracea
RAFINESQUE, 1815

Family Laternulidae HEDLEY, 1918

Genus Plectomya DE LORIOL, 1868

Plectomya aritagawana HAYAMI
Plate 53, Figure 17

v. 1966. Plectomya ecritegecwana Hayawmi,
Mem. Fac. Sci. Kyushu Univ., ser. D, vol.
17, no. 3, p. 168, pl. 25, figs. 14, 15, pl.
26, fig. 2.

1975. Plectomya aritagawena HAvami: HAvA-
w1, Bull. Univ. Mus. Univ. Tokyo, no. 10,

p. 152.

Only an internal mould (UMUT MM9783,
37.14+mm long, 16.84mm high) is avail-
able for this study. It is articulated, but
strongly deformed and incomplete. From
the general outline and concentric plica-
tions restricted to the anterior part, it is
referable to Plectomya aritagawana HAYA-
MI, 1966, which has been known from the
upper Neocomian Arida Formation in the
Kii Peninsula and from the Albian Yatsu-
shiro Formation of middle Kyushu.

Occurrence.—Rare at Loc. 2.

Taxonomic notes on some other bivalve
species from the Choshi Group

[by Itaru Hayami]

More than 30 species of Bivalvia from
the Choshi Group were described or illus-
trated in previous works (ISHIWATARI,
1906 ; YEHARA, 1923; MAEDA, 1962; HA-
YAMI, 1965a,b; SHIKAMA and SUZUK],
1972 ; TAMURA, 1978a). About ten of them
were already treated in the present de-
scription as shown in the synonym lists,
but many of them are not represented in
our collection. In connection with the
present faunal study, these illustrations
and, as possible, their original specimens
were critically examined. As the result
the occurrence of the following species
was confirmed [specific name in each
previous work, if revised, is shown in
brackets].
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Portlandia (?) sp. [=Nucnlana (s.l.) sp. cf.
N. sanchuensis YaBE and NAGAO sensu
StikAaMA and Suzuki, 1972, pl. 4, fig. 3] (Loc.
5). This has a much shorter shell than the
type specimen of Portlandia sanchuensis and
evidently belongs to a different species from
the specimens of that species described in this
article.

Cucullaea transversa Nacao [Suikama and
Suzuki, 1972, pl. 4, fig. 8] (Loc. 3).

Eonavicula (?) sp. [=Parallelodon sp. sensu
SHikaMA and Suzuki, 1972, pl. 4, fig. 4] (Loc.
3).

Gervillia (Gervillia) forbesiana D’ORBIGNY
[Suikama and Suzuki, 1972, pl. 4, fig. 13]
(Loc. 7). Because the specimen is poorly
preserved, the specific reference should be
ascertained by more amplified material.

Isognomon (Isognomon) choshienis Hayawmi
[Havawmi, 1965a, p. 279, pl. 39, fig. 1] (Loc.
7). No additional specimens have been
collected.

Neithea (Neithea) sp. [=Neithea (Neithea)
amanoi Havami sensu SHikAaMA and Suzuki,
1972, pl. 4, fig. 15] (Loc. 3). The strong
convexity of shell and stout radial ribs seems
to differ from those of Neithea (Neithea)
syriaca amanoi Havawmi, 1965a, from the
Hagino Formation of central Shikoku. It may
belong to Neithea (Neithea) ficalhoi (CHOFFAT,
1888), but the specific determination is difficult
at present.

Neithea (Neithella) notabilis (MUNSTER)
[=Neithea (Neithella) sp. cf. N. (N.) atave
ROMER sensu Suikama and Suzuki, 1972, pl.
4, fig. 147 (Loc. 3). See Havawmi and Noba
(1977) for the nomenclatorial revision.

Parvamussium sp. [ = Pseudocardia sp. cf. P.
tenuicosta (Sowerby) sensu SHIKAMA and
Suzuki, 1972, pl. 6, fig. 2] (Loc. 9). This is
actually not a carditid, but can be assigend to
a deformed left valve of a propeamussiid. It
resembles Parvemussium kimurai Havawmi,
1965, from the Upper Neocomian and Aptian
of Shikoku and Kyushu, but the radial riblets
seem more numerous.

Plicatula sp. [SHikama and Suvzuki, 1972,
pl. 4, fig. 16] (Loc. 3).

Spondylus sp. [=Spondylus sp. aff. S. deco-
ratus NAGAO sensu SHIKAMA and Suzuxi,

1972, pl. 5, fig. 1] (Loc. 3).

Acesta (?) sp. [=Plagiostoma sp. sensu
Suikama and Suzuki, 1972, pl. 5, fig. 2]
(Loc. 3).

Limidae gen. and sp. indet. [=Lima sp.
sensu SmikaMa and Suzuki, 1972, pl. 5, fig. 3]
(Loc. 3).

Limatule nagaoi Havami [Suikama and
Suzuki, 1972, pl. 5, fig. 4] (Loc. 3).

Rastellum (Arctostrea) carinatum (LAMARCK)
[=Lopha (Arctostrea) carinata (LAMARCK)
sensu SHIKAMA and Suzuki, 1972, pl. 5, fig.
5] (Loc. 3).

Gryphaea (Bilobissa?) sp. [=Gryphaea sp.
sensu SHIKAMA and Suzuki, 1972, pl. 5, figs.
6, 7] (Loc. 3).

Lopha  (Actinostreon) nagaoi Havawmr
L=Lopha (Lopha) mnagaoi Havami sensu
Suikama and Suzuki, 1972, pl. 5, fig. 8] (Loc.
3).

Amphidonte  (Amphidonte) subhaliotoidea
(NaGao) [Suikama and Suzuki, 1972, pl. 5,
figs. 10-14] (Loc. 3)

"Amphidonte (Ceratostreon) yabei (NAGAO)
[Suikama and Suzuki, 1972, pl. 5, fig. 9] (Loc.
3).

Nipponitrigonia choshiensis MAEDA [MAEDA,
1962, p. 507, pl. 4, figs. 1-13; Snikama and
Suzuki, 1972, pl. 6, fig. 1] (Ashikajima and
Inubo-zaki; Loc. 7).

Pachytheerus sp. [ = Astarte subsenecta Y ABE
and NaGao sensu SHIKAMA and Suzuki, 1972,
pl. 6, fig. 4] (Loc. 3). Although Astarte sub-
senecta is actually represented by many
specimens in SHIKAMA and Suzuk1’s collection,
this illustrated specimen seems to belong to an
unnamed species of Pachythaerus.

Astarte (Yabea) shinanoensis YaBE and
Nacao [=Astarte sp. cf. A. (Yabea) akatsui
Havamr sensu SHikaMA and Suzuki, 1972, pl.
6, fig. 6] (Loc. 3).

Opis(?) sp. [=0pis sp. sensu SHIKAMA and
Suzuki, 1972, pl. 6, fig. 8] (Loc. 3).

There are some other bivalves which were
illustrated by SHikama and Suzuki (1972)
under the following specific names, but their
generic and specific identifications are hardly
confirmable owing to the unfavorable state of
preservation :

Inoceremus sp. cf. I. yabei Nacao and
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MaTsumoTo [pl. 4, fig. 9] (Loc. 3).

Inoceramus sp. cf. I. concentricus nipponicus
Nacao and MaTsumoTo [pl. 4, fig. 10] (Loc.
3.

Pseudocardia amanoi Havami [pl. 6, fig. 3]
(Loc. 3)

Costocyrena matsumotoi Havami [pl. 6, fig.
117 (Loc. 3).

The specimen, which was illustrated by
Suikama and Suzukr (1972, pl. 4, fig. 12)
under the name of Pterinella(?) sp., is pro-
bably not a bivalve but seems to belong to a
certain crustacean species.

Concluding remarks on the bivalve
fauna of the Choshi Group

When one of us (HAvyAaMI, 1966) sum-
marized the stratigraphic and geographic
distributions of Early Cretaceous marine
bivalves in Japan, the characters of Choshi
fauna could hardly be made clear, because
only a few species had been described.
As treated in the present study, however,
the occurences of 36 bivalve species are
confirmed in this group, and it becomes
possible for us to compare the specific
assemblage with nearly contemporaneous
(Barremian—Lower Albian) faunas of
other regions.

The specific assemblage is, however,
considerably different among localities and
horizons. Three types of faunules are
distinguishable in the Choshi Group.

The first type (Kimigahama-type faun-
ule) is characterized by the abundant
occurrence of Nuculopsis (Palaeonucula)
ishidoensis, Grammatodon (Nanonavis)
yokoyamat, Rasatrix suzukii and many
gastropods in fine-grained sediments, as
exemplified by the fossils at Loc. 2 of
Kimigahama. Rocky bottom inhabitants
are scarcely found, and these infaunal
species seem to indicate a level bottom
condition of relatively low energy, as
inferred from the lithology and state of
fossil preservation.

The second type (Ashikajima-type faun-
ule) is characterized by the predominance
of Astarte (Astarte) subsenecta and Caesto-
corbula shikamai in medium-grained sand-
stones as exemplified by the fossils at
Loc. 4 of Nagasaki and Locs. 7 and 8 of
Ashikajima. This may also be a level
bottom faunule but the lithology and mode
of fossil occurrence indicate a sedimentary
environment of relatively high energy.

The third type (Nagasaki-type faunule)
is characterized by the common occurrence
of Amphidonte (Amphidonte) subhaliotoidea
and many other epifaunal species of
Pteriomorphia in some calcareous siltstone.
The faunule of this type occurred at Loc.
3 of Nagasaki and is recognized only
through a collection of Yokohama National
University which was partly illustrated
by SHIKAMA and SUZUKI (1972). Unfortu-
nately, this locality seems to have been
concealed by the construction of a harbor.
This faunule is probably a post-mortem
mixture of level bottom and rocky bottom
dwellers.

In the next place, we intend to compare
quantitatively the constituent species of
these faunules (and their integration) with
hitherto known faunas of other regions
in Japan. Various kinds of binary simi-
larity indices have been applied for the
comparison of local faunas, and their prop-
erties were discussed in detail (SIMPSON,
1960; SOKAL and SNEATH, 1963; CHEETHAM
and HazgeL, 1969; etc.). The following
three indices are used in the present
study :

SiMpPSON Coefficient (Sg): C/N,

JaccArD Coefficient (S;) : C/(N,+N,—C)

Dice Coefficient (S): 2C/(N;+N,)
where NV, and N, are the numbers of con-
stituent species in two faunas under com-
parison (V;=N,) and C is the number of
common species between the two faunas.
Occurrence of a comparable species is
conventionally counted as a half common
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element. Because all the fossil bivalves
so far known from the Choshi Group are
decidedly purely marine species, brackish-
and fresh-water species (e.g. neomiodon-
tids, corbiculids, some bakevelliids and
some corbulids) in other regions are ex-
cluded from this comparative study.

The Kimigahama-type faunule contains
several common elements with the fauna
of the Ishido Formation in the Sanchu
area of Kwanto mountains [V,=15, N,=
30, C=5.5, Ss=0.367, S,=0.186, S,=0.244],
and with that of the Lower Monobegawa
Group (Hachiryuzan, Hinagu and Yatsu-
shiro Formations) in Kuma mountains of
middle Kyushu [N,=15, N,=40, C=4.5,
Ss=0.300, S,=0.089, S,=0.164]. On the
other hand, there is only one common
species with the fauna of the Miyako
Group in the Kitakami mountains of north
Honshu [N,=15, N,=76, C=1, Ss=0.067,
S;=0.011, S;=0.022]. Marked difference
of specific composition between the present
faunule and the Miyako fauna was also
demonstrated by KASE and MAEDA (1980)
on gastropods.

The Ashikajima-type faunule, though
the number of species is too small to
calculate similarity indices, also appears
to show more intimate relation to the
Sanchu and Kuma faunas than the Miyako
fauna.

The Nagasaki-type faunule is, on the
contrary, characterized by a number of
common species not only with the Sanchu
fauna [N,=20, N,=30, C=4.5 S;=0.225,
S,=0.099, S,=0.1807] and the Kuma fauna
[N,=20, N,=40, C=25, Ss=0.125, S,=
0.043, Sp=0.083] but also with the Miyako
fauna [N,=20, N,=76, C=7, Ss=0.350,
S,=0.079, S,=0.146].

The Choshi Group ranges from the
Barremian to the lower Upper Aptian
(OBATA et al., 1975), and is evidently older
than the Miyako Group which ranges from
the middle Upper Aptian to the upper

Lower Albian. The result of above men-
tioned comparative study seems to indicate
that the discrepancy of bivalves between
Choshi and Miyako is considerably due to
the difference of sedimentary facies. In-
cidentally, calcareous reef deposits are
predominant in the Miyako Group, but
scarcely known in the Choshi Group and
other Early Cretaceous marine formations
in central and west Japan.

Binary similarity indices (Ss, Sy and Sp)
were also calculated between a pair of
local marine bivalve faunas in the Lower
Cretaceous of Japan (Table 10 and Table
11). The bivalve fauna of the Choshi
Group, which is the integration of these
three and a few other smaller faunules,
shows the most intimate relation to the
Sanchu fauna, but also bears several
common elements with the Miyako, Susaki
and Kuma faunas. The similarity indices
between the Sanchu and Kuma faunas
are notably high. The bivalve fauna of
the Lower Monobegawa Group in Shikoku
(Katsuuragawa and Monobegawa areas),
which was partly described by HAvAMI
(1965a, b, 1966) and others and is now
more intensively studied by TASHIRO (oral
communication), also contains many com-
mon elements with the Sanchu and Kuma
faunas. Furthermore, Upper Neocomian
faunas of the Oshima Formation and the
Ofunato Group in Kitakami mountains also
bears some common bivalves with the
Choshi, Sanchu and Kuma faunas.

As theoretically discussed by SIMPSON
(1960) and some others, discrepancies in
sample size (number of species) between
two faunas may have strong influence on
Jaccarp and Dice Coefficients, but not
so significantly on SiMPSON Coefficient.
Actually, the calculated values of S; and
Sp related to the Susaki fauna, which is
relatively small in number of constituent
species, are much lower than those of
other cases, but such a tendency is not



723. FEarly Cretaceous Bivalvia from Chosht 443

Table 10. Number of common species (right upper) and Simpson Coefficient (Sg; left lower)
between each pair of local marine bivalve faunas in Japan.

Number
Fauna Strata References of Miyako Choshi Sanchu Susaki Kuma
species
. Miyako Nacgao, 1934
Miyako Group Havawmi, 1965-66 76 * 9 11 25 9
. Choshi Havyawmi and
Choshi Group 0y1, 1980 36 . 250 * 9.5 3 8.5
YaBg, Nacao
Ishido and SHIMIZU,
Sanchu Formation 1926 30 .367 .317 * 2 15
Havawmi, 1965-66
Havami and
Kawasawa,
Susaki D°1§§r“rflg‘gion 1967 12 .208  .250  .167 * 3
KaTTo and
TasHIrRO, 1978
Lower
Kuma Monobegawa Hayvyawmi, 1965-66 40 . 225 . 236 .500 . 250 *
Group

Table 11. Binary similarity indices, Jaccarp Coefficient (S;; right upper) and DicE
Coefficient (Sp; left lower) between each pair of local marine bivalve faunas in Japan.

Number
Fauna Strata References of Miyako Choshi Sanchu Susaki Kuma
species
. Miyako Nacgao, 1934
Miyako Group Havami, 1965-66 76 * . 087 .116 . 029 . 084
Choshi Chc(’fgflp Hayamr and Oy, 36 .16l + 168 .067 .126
) YaBE, Nagao
Sanchu Ishido . and Suimizu, 30 .203 .288 * 050 .273
Havawmi, 1965-66
Havamri and
. Doganaro Kawasawa, 1967 —~ -
Susaki Formation KaATT0 and 12 . 057 . 125 . 095 * . 061
TasHIrRO, 1978
Lower
Kuma Monobegawa Hayvyami, 1965-66 40 . 155 .224 .429 .115 *

Group
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apparent in the values of Sg. Although
these similarity indices are changeable by
future taxonomic and stratigraphic stud-
ies, it may be conclusive that none of
these local faunas was strictly isolated
from those of other regions. Many of
these bivalves are, as empirically recog-
nized, long-ranging species, and the faunal
similarity and difference are regarded as
primarily due to paleoenvironmental fac-
tors rather than chronological.
Cosmopolitan and foreign elements ap-
pear to be rare in the bivalve fauna of

Itaru HAY AMI and Tatsuo OJI

of Gervillia (Gervillia) forbesiana and
Neithea (Neithella) notabilis, which were
originally known in western Europe, is
confirmed in SHIKAMA and SUZUKI’s col-
lection. In the Early Cretaceous bivalve
faunas of Japan, however, there are a
large number of common or closely related
bivalves with Tethyan and European
faunas, especially Aptian ones of Lebanon,
Caucasus, Crimea and western Europe
(Hayawi, 1966, p. 192). The three species
of the Corbulidae described in the present
paper are also good examples of such a

the Choshi Group. Only the occurrence faunal connection. Provinciality is not

Explanation of Plate 51

Nuculopsis (Palaeonucula) ishidoensis (YABE and NAGAO) . .vviineiririene s inieannnnnnns p. 423

Fig. 1. Conjoined valves (MM 9701) x1.5. la:left view, lb: right view, lc: anterior view, 1d:
posterior view, le: dorsal view. Loc. 2.

Fig. 2. Right valve showing hinge teeth (MM 9716) x1.5.

Fig. 3. Left valve (MM 9713) x1.5.

Fig. 4. Right valve (MM 9704) x1.5. Loc. 2.

Fig. 5. Right valve (MM 9703) x1.5. Loc. 2.

Fig. 6. Right valve (MM 9702) x1.5. Loc. 2.

Portlandia sanchuensis (YABE and NAGAO) . iuuiutit ittt ittt ittt e iiateanaaaanns p. 425

Fig. 7. Right valve (MM 9718) x1.5. Loc. 2.

Fig. 8. Left valve (MM 9720) x1.5. Loc. 2.

Fig. 9. Right internal mould (MM 9719) x1.5. Loc. 2.

Fig. 10. Right valve (internal view) (MM 9721) x1.5. Loc. 2.

Mesosaccella(?) choshiensis HAYAMI, SP. TIOV. «entntinaree e iietae e ceeieneneneennnannns p. 426
Fig. 11. Conjoined valves (MM 9722), holotype, x2. 1la: left view, 1lb: right view. Loc. 2.
Fig. 12. Left valve (MM 9723), paratype, x2. Loc. 2.

M eS0SACCOILA () SP. t et i e e et e e e e e e e e e p. 427
Fig. 13. Left valve (MM 9784) x2. Loc. 2.

Fig. 14. Right valve (MM 9785) x2. Loc. 2.

R o Y p. 427
Fig. 15. Right valve (MM 9725) x1.5. Loc. 1.

Fig. 16. Left valve (MM 9726) x1.5. Loc. 1.

Loc. 4.
3a: external view, 3b: internal view. Loc. 2.

Fig. 17. Internal mould of conjoined valves (MM 9727) x1.5. 17a: right view, 17b: left view.
Loc. 2.
Prna SD. ittt et e e e e e e e e p. 430
Fig. 18. Conjoined valves (MM 9743) x1.5. 18a: left view, 18b: right view. Loc. 2.
Rasatrix suzukii HAYAMI, SP. DOV. ot tttnit it ettt ettt ittt e et et ee ce e et eeeiannns p. 434
Fig. 19. Right valve (MM 9774), paratype, x1.5. Loc. 2.
Fig. 20. Left valve (MM 9771), holotype, x1.5. Loc. 2.
Fig. 21. Left valve (MM 9773), paratype, x1.5. Loc. 2.

Fig. 22. Right valve (MM 9772), paratype, x1.5. Loc. 2.



HAYAMI and OJI: FEarly Cretaceous Bivalvia from Choshi Plate 51




723. Early Cretaceous Bivalvia from Choshi 445

clearly exhibited in the bivalveYaunas of
this period.
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3a: left view, 3b: right view.

la: left view, 1b: right view. Loc. 2.

Loc. 2.
Loc. 2.
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Fig. 6.
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Pterotrigonia (Pterotrigonia) pocilliformis (YOKOYAMA) «cveuureeenntertnneeeennennonneens p. 431
Fig. 7. Left internal mould (MM 9779) x1.5. Loc. 5.
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Astarte (Astarte) subsenecta YABE and NAGAO «..vetiivnittin ittt iniiannnnens p. 431
Fig. 1. Right valve (MM 9744) x1.5. Loc. 4.

Fig. 2. Left valve (MM 9786) x1.5. Loc. 7.

Fig. 3. Right-valve (MM 9746) x1.5. Loc. 4.

Fig. 4. Right valve (internal view) (MM 9747) x1.5. Loc. 4.
Fig. 5. Left valve (internal view) (MM 9787) x1.5. Loc. 7.

Fig. 6. Right valve (MM 9748) x1.5. Loc. 4.

Laevicardium (?) sp. aff. L.(?) ishidoense (YABE and NAGAO) .......covviiuiiininninnnnn. p. 434

Fig. 7. Left valve (MM 9769) x1.5. 7a:internal mould with partly preserved shell, 7b: Rubber
cast from the same external mould. Loc. 2.

Caestocorbula shikamai HAYAMI, SP. TIOV. .« tutvnitutenere e eiateneet st iarannssennens p. 436

Fig. 8. Rubber cast from a left internal mould (MM 9763), paratype, x1.5. Loc. 4.

Fig. 9. Rubber cast from a right internal mould (MM 9762), paratype, x1.5. Loc. 4.

Fig. 10. Right valve (MM 9753), holotype, x1.5. 10a: right view, 10b: dorsal view, 10c:
anterior view. Loc. 7.

Fig. 11. Right valve (MM 9755), paratype, x1.5. 1la: right view, 11b: internal view. Loc. 4.

Fig. 12. Left valve (MM 9759), paratype, x1.5. Loc. 4.

Corbulomima sp. cf. C. NUCIFOTMIS VOKES 1\ vvuenetanie e enneinenneinnreeeineneainsens p. 438
Fig. 13. Conjoined valves (MM 9767) x2. 13a: left view, 13b: right view. Loc. 2.

Fig. 14. Internal mould of closed valves (MM 9768) x2. 14a: left view, 14b: dorsal view. Loc.
2. ‘

Caestocorbula minima HAYAMI, SP. MOV, . tuniunttnitntenenueneeesnososesesessnenntaeasens p. 437
Fig. 15. Conjoined valves (MM 9764), holotype, x2.7. 15a: left view, 15b: right view. Loc. 2.
Fig. 16. Left valve (MM 9766), paratype, x2.7. Loc. 2.

Plectomya aritagwana HAYAMI ..ottt ittt ittt cieaaaaass e tiaataeenans .
Fig. 17. Internal mould of closed valves (MM 9793) x1.5. 17a: left view, 17b: right view,

Loc. 2.
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Abstract.
Japan.

This is the second of serial papers on the early Jurassic plants in
In this paper we describe Marattia asiatica belonging to the Marattiaceae,

and Todites cfr. denticulatus, T. fastuosus (KiMURA) comb. nov., T. neiridaniensis
sp. nov. and Osmundopsis nipponica sp. nov. belonging to the Osmundaceae.

Introduction and acknowledgement

Continued from our previous paper
treating Equisetales (KIMURA and TSUJII,
1980), we here describe the fossils
belonging to the Marattiaceae and
Osmundaceae from the Lower Jurassic
Kuruma Group and Iwamuro Formation.
The details of stratigraphy of plant-
bearing formations and localities were
already mentioned in our previous paper.

We express our sincere gratitude to
Professor Emeritus Thomas M. HARRIS,
F.R.S. of the University of Reading for
his helpful suggestions and critical reading
over the present manuscript.

Systematic description
Family Marattiaceae

Genus Marattia SCHWARTZ, 1788

We foilowed HARRIS (1961) in using the
generic name Marattia instead of
Marattiopsis SCHIMPER.

Marattia asiatica (KAWASAKI)
HARRIS

* Received August 27, 1980; read January
25, 1980 at Tsukuba.

449

Pl. 54 Fig. 1; PIL 55, Figs. 1-3;
Text-figs. la-i

Marattiopsis asiatica Kawasaki: KAWASAKI,
1939, pp. 50, 56 (nomenclature).

Marattia  asiatice  (Kawasaki) HARRIS:
Harris, 1961, pp. 73, 75 (nomenclature) :
KILPPER, 1964, p. 24, pl.’3, figs. 1-2 (Liassic
of North Iran) : Hst et al., 1979, p. 20,
pl. 5, figs. 4, 5a (Upper Triassic of SW-
Sichuan, China).

Marattiopsis muensteri (GOEPPERT) SCHIMPER :
Kawasaki, 1925, p. 26, pl. 36, fig. 101;
pl. 37, fig. 102 (Upper Triassic of Daedong
Group, Korea) : 1926, p. 18, pl. 1, fig. 2
(ditto) : OisHi, 1931, p. 242, pl. 16, fig. 10,
10a (Kuruma Group) ; 1932, p. 272, pl. 20,
figs. 4-6 (Upper Triassic Nariwa Group) :
1940, p. 192 (general remarks).

Marattiopsis  cfr. muensteri (GOEPPERT)
ScuimMPER: Sze & Hsu, 1954, p. 44, pl.
39, figs. 1-2 (Lower Jurassic Yipinglang
and Xiangxi Formations, Yunnan and
Hubei, China).

Teeniopteris (Marattia) miinsteri GOEPPERT :
ZEILLER, 1903, p. 63, pl. 9, figs. 6-8
(Upper Triassic of North Viet-Nam).

Teeniopteris sp.: Kimura, 1959b, p. 75, pl.
1, fig. 3 (Kuruma Group).

Material : NNW.216, 321, 415, 439, 483, 495,
499, 573, 644, 690, 816 and other 27 specimens
(Nishi-Neiridani) ; NEE-017, 081, 088, 121, 133,
136, 139, 332, 351 and other 12 specimens
(Higashi-Neiridani) ; NE-078 and other 5 speci-
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mens (Neiridani) ; NEG-048 and other 15 from the Kuruma Group and Iwamuro
specimens (Negoya) ; DAI-091 (Dairagawa);  Formation. They are all fragments of
KA-015 (Kawagurodani) ; Kr-046 (Tsuchizawa) ; detached ribbon-like pinnae excluding one
4982801-1 (Kotaki Coal-Field) ; A-0441, 494 and shown in Text-fig. lc in which a sessile
other 5 specimens (Iwamuro). i ¢ ;

pinna is attached nearly perpendicularly

Description.—92 specimens were obtained to a thick rachis, more than 1.8 cm wide.
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It has
surface.

The sterile and fertile pinnae resemble
one another in size and shape, the fertile
being by far the commoner. The pinnae
taper evenly for a considerable distance
from the base, but becoming more acute
to a somewhat obtusely pointed apex, and
are mostly 21-40 mm wide (range noted 14-
40.5 mm) ; among 41 specimens measured
excluding ones near the apex and base,
the distribution of width and their fre-
quency (in parentheses) are as follows;
14-15mm (4), 16-20 mm (3), 21-25 mm (6),
26-30 mm (10), 31-35mm (8), 36-40 mm
(8), 40.5mm (2). The midrib with longi-
tudinal fine striations on its surface, is
about 4.5 mm wide near the base of a
large pinna. The pinna margins are
either entire or sometimes broadly
undulated.

The lamina extends backwards beyond
the base of midrib as a pair of rounded
lobes to make a prominently cordate base.
Throughout the greater part of a pinna,
the lateral veins arise at a narrow angle

longitudinal striations on the

but soon bend outwards and meet the
margin perpendicularly as shown in
Text-fig. 1d, or arise perpendicularly or
obliquely to the midrib, then running
nearly straight to the margin as shown
in Text-figs. la and 1lh; they some-
times bend forwards at the margin as
shown in Text-figs. Ih and li. In the
basal lobes the wveins bend backwards,
while they are straight and make an angle
of 50-55 degrees near the apex and often
of 70 degrees near the base. The veins
are simple or forked and sometimes branch
close to the midrib, and those on the lobes
branch twice or thrice as shown in Text-
fig. la, but those near the apex and the
base just above the lobes do not branch.
The concentration of veins reaching the
margin is mostly 13-15 per cm (range
noted 12-18); among 44 specimens
measured, its distribution and their fre-
quency are, 12 per cm (5), 13(10), 14(15),
15(7), 16(4), 17(2), 18(1). There is no
interrelation between the size of pinnae
and the density of veins. The interstitial
ridges (venuli recurrentes) are often

Text-figs. la-j.

Marattia csiatica (Kawasaki) HarRris

la. Basal part of a detached fertile pinna with asymmetrically developed basal lobes; the ratio
of synangial length to width of lamina is 1/10 (the lower limit of its variation) ; back-side

view. NNW-720 (Nishi-Neiridani).

1b. A sterile pinna with asymmetrically developed basal lobes ; back-side view. NNW-573 (Nishi-

Neiridani).

1c. A detached sterile pinna with asymmetrical basal lobes; back-side view. NEE-133 (Higashi-

Neiridani).

1d. A middle part of fertile pinna; the ratio of synangial length to width of lamina is 1/8;

back-side view. NNW-816 (Nishi-Neiridani).
le. Ditto; the ratio of synangial length to width of lamina is 1/4.9; surface view.

(Higashi-Neiridani) .

1f. Ditto; the ratio of synangial length to width of lamina is 1/5.2; back-side view.

(Iwamuro).

NEE-081

A-0494

1g. Ditto; the ratio of synangial length to width of lamina is estimated as 1/5; back-side view.

NEE-017 (Higashi-Neiridani).

1h. A sterile pinna; apical part is missing; back-side view. NEE-332 (Higashi-Neiridani).
1i. Ditto; surface view. 4982801-1 (Kotaki Coal-Field), reinserted from Kiniura, 1959b (pl. 1,

fig. 3; Taeniopteris sp.).

1j. Dehisced synangia, enlarged from NNW-690 (Nishi-Neiridani).
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recognizable.

The synangia are mostly 3.1-7 mm long
(range noted 2-9 mm) ; among 43 specimens
measured, the distribution of length and
their frequency are, 2-3mm (7), 3.1-4 mm
9), 41-5mm (11), 51-6mm (8), 6.1-7
mm (6), 7.1-9mm (2); the shorter ones
are restricted to the area near the apex.
The synangia occupy mostly 1/4-1/7 (range
noted 1/3.3-1/10) of width of the lamina;
among 41 specimens measured, the dis-
tribution of ratios and their frequency
are, 1/3.3-1/4 (2), 1/4.1-1/5 (10), 1/5.1-
1/6 (10), 1/6.1-1/7 (6), 1/7.1-1/8 (3), 1/8.1/
1/9 (5), 1/9.1-1/10 (5).

The synangia are 0.83mm wide and
project a considerable distance outwards
from the surface. All of them are
dehisced. The outer walls are thick and
gape and their inner surface is marked
with little indication of transverse ridges;
the number of ridges is 60-70 in the
longest synangia as shown in Text-fig. 1j.
Thus spores are not known.

We looked for but could not detect any
differences between the specimens from
our different localities.

Distribution.—In Japan Marattia asiatica
is distributed in the Noric Nariwa Group
and the Lower Jurassic Kuruma Group
and Iwamuro Formation. Outside of
Japan, this species is known from the
Upper Triassic of Korea, China (SW-
Sichuan), North Viet-Nam and North Iran,
and the Lower Jurassic of China (Yunnan
and Hubel).

Discussion and comparison. — As men-
tioned above, our specimens show wide
range of variation in the width of pinnae,
the concentration of veins and the length
of synangia. The expanded diagnosis
given by KILPPER (1964) agrees with our
specimens described above. In addition
we first show the basal lobes of this
species.

Fossil Marattia (or Marattiopsis) species

have been defined by the combination of
the following features of pinnae; the
shape of pinna base, the width of pinnae,
the pinna margins, the length of synangia,
the mode of branching of veins, the con-
centration of veins, the existence of
interstitial ridges and the markings on
the surface of midrib.

From HARRIS’ description (1931), KAWA-
SAKI received a hint that the specimens
described by ZEILLER (1903) from North
Viet-Nam differed from Marattiopsis
muensteri and M. hoerensis in having
more crowded veins, and probably there-
fore his specimens represented a distinct
species. Consequently KAWASAKI (1939)
proposed Marattiopsis asiatica based on
the Viet-Namese, Japanese and Korean
specimens which had been referred to
Marattiopsis muensteri (GOEPPERT) by
ZEILLER (1903), O1sHI (1931, 1932) and by
himself (1925, 1926).

O1sHI's specimens (1931) from the
Kuruma Group at Tsuchizawa agree in
all features with the present ones. The
sterile pinna fragment described by
KIMURA (1959b) as Taeniopteris sp. from
the Kuruma Group at Kotaki Coal-field
is now safely referable to Marattia
asiatica.

O1sHI's specimens (1932) from the Nariwa
Group agree with the present ones in the
width of pinnae and the length of
synangia. But their smaller number of
veins (12 per cm) probably led HSU et al.
(1979) to continue to regard these OISHI's
specimens as representing Marattia
muensteri. We believe OISHI's specimens
to be referable to M. asiatica, because
their concentration of veins possibly
represent the lower limit of its variation.

KAWASAKI's specimens (1925, 1926)
from the Daedong Group of Korea and
ZEILLER's ones (1903) agree well with the
present ones in all features.

The specimens described by HsU et al.
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(1979) are indistinguishable from the
present ones in all features. Marattiopsis
cfr. muensteri illustrated by Sz & HsU
(1954) from the Yipinglang Formation in
Yunnan and Xiangxi Formation in Hubei
of China, may be referable to M. asiatica,
because, according to SzE & HsU, its
concentration of veins is said to be 15-18
per cm.

KILPPER’s specimens (1964) from the
Liassic of North Iran are also indis-
tinguishable from the present ones, because
in his specimens, pinnae are 3.5cm wide,
the concentration of veins, 12-18 per cm
and the length of synangia, 2.5-7 mm.

The following FEuropean  species,
Marattia muensteri (GOEPPERT) SCHIMPER,
M. hoerensis SCHIMPER and M. anglica
(THOMAS) HARRIS are similar in the shape
of pinnae to M. asiatica. But Marattia
asiatica is distinguishable from them in
having more crowed veins, 12-18 per cm
instead of about 10 per cm in M. muenster:
and M. hoerensis, and 10-12 per cm in M.
anglica.

In our collection there are several
specimens showing prominent basal lobes.
These lobes are similar in shape to those
of Marattia hoerensis, but they are some-
what different from those of M. hoerensis
in having twice or thrice branched veins
instead of once branched ones.

The pinna base of Marattia asiatica
differs from that of M. muensteri which
has not lobes as clearly shown by
BARTHOLIN (1892, pl. 9, fig. 9).

In addition, Marattia asiatica is dis-
tinguished from M. anglica by that first
M. anglica has asymmetrically constricted
pinna base instead of cordate one in M.
astatica, secondly in M. anglica, the ratio
of synangial length to width of laminae
are, according to HARRrIS (1961), from
1/2.3-1/5.6 instead of 1/3.3-1/10 in M.
asiatica.

Marattiopsis crenulatus originally des-

cribed by LUNDBLAD (1950) from the
Upper Triassic of Northwestern Scania,
is distinguished from M. asiatica by having
crenulate margins of pinnae and smaller
number of veins (9 per cm).

KILPPER (1964) adopted Marattia inter-
media (MUNSTER) instead of M. muensteri,
because Taeniopteris intermedia, the
source of M. intermedia was instituted
by MUNSTER in 1836 earlier than the
institution of Taeniopteris muensteri, the
source of M. muensteri by GOEPPERT in
1843. KILPPER included most of the speci-
mens regarded as Mavrattia (or Marattiop-
sis) muenstert, M. hoerensis and M. anglica
in FEurope into his M. intermedia as
synonyms. Setting aside his taxonomic
treatment, his specimens illustrated from
the Lias of North Iran as M. intermedia
are similar in the shape of pinnae
including basal lobes and the length of
synangia (2-10 mm) to those of M. asiatica.
But KILPPER’S specimens have rather
coarser veins (8-16 per cm) than those of
M. asiatica (12-18 per cm).

The pinna fragments illustrated by
CHANG (1976) as Marattia hoerensis from
the Shiguai Group (Lower-Middle Jurassic)
in Neimeng of China are, according to
CHANG, 10-27 mm wide with veins in con-
centration of 12 per cm and synangia
being 3-5mm long. Although their pinna
bases have not been known, his specimens
might be distinct from Marattia asiatica
and be referable to M. anglica rather
than to M. hoerensis, because their ratios
of synangial length to width of lamina
are usually larger and within 1/3-1/5,
instead of 1/3.3-1/10 in M. asiatica.

Similar specimens regarded as Marattia
hoerensis were illustrated by FENG et al.
(1977) from the Xiangxi Formation (Lower-
Middle Jurassic) in Hubei of China. They
appear to be different from those illust-
rated by Sz & HsU (1954) as Marattiopsis
cfr. muensteri (=M. asiatica in this work),
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because in the former specimens veins
are 12 per cm instead of 15-18 per ¢cm in
the latter ones.

Marattiopsis  litangensis  originnally
illustrated by YANG (1978) from the Upper
Triassic of Western Sichuan of China
differs from Marattia asiatica because
YANG's species is characterized by its
crenulate margins and less crowded veins
(about 10 per cm).

The range of variation in the pinnae
of one species overlaps the range of
another species and it may thus be
impossible to determine just a few pinna
fragments.

Family Osmundaceae
Genus Todites SEWARD, 1900: 86

Three Todites species were recognized,
among which 7. cfr. denticulatus and T.
fastuosus belonged to the Cladotheca
group and T. neiridaniensis to the Todites
williamsoni-goeppertianus group defined by
HARrRrIs (1931, 1937, 1961).

Todites cfr. denticulatus
(BRONGNIART) KRASSER

Pl. 54, Flgs. 2-3; Pl. 55, Fig. 4;
Pl. 56, Figs. 1-2; Text-figs. 2a-f

Comparable specimens: Todites denticulatus
(BRONGNIART) KRASSER : HARRIS, 1961, p.
78, text-figs. 25-27 (Yorkshire).

Material: Fertile specimens; NE-091, 093,
094, 097, 098 (Neiridani). Sterile specimens;
NE-007, 133, 154 and other 5 specimens (Neiri-
dani), NNW-076, 410, 411, 684 and other 66
specimens (Nishi-Neiridani), NEE-019 and
other 5 specimens (Higashi-Neiridani), NEG-
023 and other 5 specimens (Negoyadani), A-
0331 and other 23 specimens (Iwamuro).
Besides above 10 sterile specimens were
obtained from Kawagurodani, Dairagawa,
Shinadani, Tobiiwadani, Tsuchizawa and

Kotaki Coal-Field.

Description.—Over 130 leaf-fragments
including 5 fertile ones were obtained.
They represent various parts of the leaf,
but the whole leaf is not known.

Sterile and fertile leaves are separate,
although they are of similar size and
form but the pinnules are dimorphic.

The rachis is thick, up to 8.5 mm wide,
rounded below, but with a strong ridge
on the upper side. Sterile pinnae are
closely set, touching each other laterally,
and arise alternately at an angle of about
50 degrees, then bending outwards and
typically at intervals of about 4 cm at the
middle of leaf. Pinnae are long and
narrow, about 15cm long at the middle
of leaf and 3.5-4cm wide near the pinna
base, narrowing gradually towards the
acuminate apex (Pl. 56, Fig. 1).

Sterile pinnules are arranged katadro-
mically, arising at an angle of 75 degrees
on the lower part of leaf, but the angle
reducing upwards. Sterile pinnules differ
in form in different leaves or in different
positions of leaf, and are typically oblong
with pointed apex, often falcate. The
margins are dentate. Typical size of
sterile pinnules is 1.7 cm long (range noted
0.8-2.5cm, except those on the apical
part of leaf or pinnae) and 0.6 cm wide
(range noted 0.4-1.0cm). The midrib is
distinct, persisting to the tip and sending
off 11-14 pairs (range noted 11-17) of
branch veins forking once. The first pair
or first basiscopic one is rarely forking
twice.

In fertile leaves, pinnules are set rather
remotely, arising nearly perpendicularly
and are oblong in form with rounded
apex, often falcate, but those on the
apical part of pinnae are semi-circular
(PL. 54, Fig. 2). Typical size of oblong
pinnules is 1.3cm long and 3.5 mm wide.
The margins are crenulated and the
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midrib is distinct, persisting near the tip,
sending off 6-7 pairs of branch veins
which are simple or forked once.

Sporangia are rather large, 400 ym in
diameter, ovoid and whole apical third of
wall is composed of thickened cells, borne
in a single file along each veins (Text-
fig. 2e). Spores are not known.

In about half the fertile specimens, the
upper surface of pinnules is strongly
marked by the transverse waves (Pl. 54,
fig. 3; PL. 56, fig. 2; Text-fig. 2f) as shown
by HALLE (1911), WALTON (1923) and
HARRIS (1961, text-figs. 27A, B, D).

Distribution and occurrence. — Todites
cfr. denticulatus is abundant in the Negoya
Formation (Neiridani, Higashi-Neiridani,
Nishi-Neiridani, Negoyadani, Kawaguro-
dani) and Tsuchizawa of the Kuruma
Group and Iwamuro Formation, but is
rare in the Shinadani Formation (Shinadani
and Tobiiwadani).

Todites cfr. denticulatus may also occur
from to the Upper Triassic plant-beds in
Japan.

Discussion and comparison.—Our speci-
mens resemble closely those described by
HARRIS (1961) from the Middle Jurassic
of Yokshire, but somewhat differ in some
minor points from the Yorkshire speci-
mens. Differences are: In our speci-
mens, typical size of sterile pinnules is
1.7 cm long but that of Yorkshire speci-
mens is 2.5-3cm long. In our specimens
the triangular basal pinnules as shown
by HARRIS (1961, text-fig. 26A, B) have
not been found. No cellular pits covering
the upper surface of pinnules as seen in
the Yorkshire specimens, have been
observed in our specimens.

Thus we hesitate the full identity of
our specimens to Todites denticulatus.

From Japan many sterile leaves have
been described under the name of
Cladophlebis denticulata as follows:

YaBg, 1922, p. 9, pl. 2, fig. 1; text-fig. 7
(Upper Triassic ? Shitaka Group); pl. 2,
fig. 2 (Lower Jurassic Toyora Group ?).

Orsui, 1931, p. 233, pl. 1, fig. 5, 5a (Tsuchi-
zawa, Kuruma Group) ; 1932, p. 288, pl.
11, figs. 3-7 (Noric Nariwa Group) ; 1940,
p. 256, pl. 48, fig. 1 (Lower Cretaceous
Oguchi Formation).

Oisur & TaxanasHi, 1936, p. 118, pl. 1, fig.
2 (Carnic Yamanoi Formation).

KiMmURA, 1959a, p. 13, pl. 3, fig. 4; pl. 4, figs.
3, 6; pl. 5, fig. 1; pl; 12, fig. 10; text-
fig. 8 (Iwamuro Formation) ; 1959b, p. 68,
pl. 1, fig. 4 (Kotaki Coal-Field, Kuruma
Group) ; 1975, p. 78, pl. 5, fig. 11; pl. 6,
fig. 5 figs. 4-5a, b (regarded as C. ex gr.
denticulata; Lower Cretaceous formations
in Fukui Prefecture).

Kiniura & KansHa, 1978, p. 111, pl. 4, fig.
2; text-fig, 4 (regarded as C. ex gr.
denticulata; Lower Cretaceous of SW-
Japan).

Among them the specimens excluding
the Lower Cretaceous ones, are externally
indistinguishable from our sterile leaves,
although most of pinnules, except ones
from the Nariwa Group and the Yamanoi
Formation, appear to be entire. ' The
Lower Cretaceous pinnules are generally
far smaller in size and with entire
margins.

As previously mentioned (KIMURA &
OHANA, 1980), the fertile pinnules from
the Carnic Momonoki Formation, regarded
by TAKAHASHI (1950, figs. 3-5) as Todites
recurvaius, are referable to Todites cfr.
denticulatus.

Fragments of sterile leaves of Todites
cfr. denticulatus may be indistinguishable
from those of T. fastuosus.

Todites fastuosus (KIMURA) KIMURA
and TsuUJII comb. nov.

Pl. 54, Figs. 4-6; PL. 55, fig. 5;
Pl. 56, Figs. 3-4; Text-figs. 3a-h
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Cladophlebis fastuosa KiMURA:  KIMURA,
1959a, p. 15, pl. 3, figs. 1-3; pl. 4, figs. 2,
10; pl. 5, fig. 5; pl. 12, fig. 11; Text-fig.
9 (Iwamuro).

Cladophlebis haiburnensis(LINDLEY & HUTTON)
BroxgNIART : Kimura, 1959a, p. 16, pl.
4, fig. 8; pl. 6, figs. 3, 5, 7, text-fig. 10
(Iwamuro).

Material: Lectotype; A-0468 (Iwamuro).
Paralectotypes; NNW-556 (fertile pinna), 486
(Nishi-Neiridani), A-1013 (Iwamuro), NEG-078
(Negoyadani). NE-003 and other 11 speci-
mens (Neiridani), NEE-001 and other 34
specimens (Higashi-Neiridani), NNW-020 and
other 51 specimens (Nishi-Neiridani), A-032
and other 120 specimens (Iwamuro). Besides
the above 23 specimens were obtained from
Negoyadani, Dairagawa, Kawagurodani, Sasa-
komata, Shinadani, Tobiiwadani, Tsuchizawa
and Kotaki Coal-Field. Locus typicus: Iwa-
muro, Shirasawa-mura, Toné-gun, Gumma
Prefecture. Stratum typicum: Lower Jurassic
Iwamuro Formation. Derivatio nominis: This
species was first named on the basis of very
finely preserved (fastuous) specimens from
the Iwamuro Formation.

Diagnosis.—Frond bipinnate. (Whole
leaf unknown.) Probably wholly fertile
of wholly sterile. Rachis considerably
thick, 0.5cm wide, with longitudinal fine
striations on its surface. Pinnae arising
alternately at an angle of 35-40 degrees,
2.6-2.8 cm distant at the middle of leaf.
Pinna rachis up to 2 mm wide, widest at

base. Pinna as a whole almost uniformly
wide up to near its acutely pointed apex.
Pinnules katadromic in order, differing in
different leaves, set closely, often over-
lapping, typically triangular or elongate-
triangular, apex often falcate or curved
forwards, typically arising at 50-60
degrees to the pinna rachis, apex pointed.
Typical size of pinnules 1.5cm long and
0.8cm wide at base; basal basiscopic
margin usually contracted and basal
acroscopic margin expanded. The first
basiscopic pinnule arising at the base of
pinna rachis; smaller in size and deltoid
in form; sometimes no pinnule opposite
this but first acroscopic pinnule opposite
second basiscopic one. Pinnule margins
finely dentate, midrib distinct, arising at
the point close to basiscopic margin of
pinnule, persisting to the tip, sending off
7-15 pairs of branch veins, but 4-6 pairs
on the apical small pinnules. In large
pinnules, the first branch vein forking
thrice, basal 3-5 pairs forking twice and
others forking once. In medium-sized
pinnules, basal 1-2 pairs of branch veins
forking twice and others forking once.
In small-sized pinnules they forking once.
The branch veins on the acroscopic side
longer than those on the basiscopic side
and usually parallel to the pinna rachis.
Fertile pinnules similar in all features
to sterile ones but smaller in size, with

Text-figs. 2a-f. Todites cfr. denticulatus (BRONGNIART) KRASSER

2a. A part of sterile frond with typical pinnules; the first basiscopic pinnule is not specialized;
surface view ; drawn from NNW-411 (Pl 55, Fig. 4) (Nishi-Neiridani).

2b. An anterior part of sterile frond; back-side view. NEG-023 (Negoya).

2c. A part of sterile pinna; back-side view.
2d. Ditto. NNW-684 (Nishi-Neiridani).

NNW-076 (Nishi-Neiridani).

2e. A part of fertile frond with thick rachis; from NE-098 (Pl. 56, Fig. 2) (Neiridani).
2f. A fertile pinnule; surface view; its upper surface is strongly marked by the transverse

waves; drawn from NE-097 (Neiridani).
Text-figs. 3a-b.

Todites fastuosus (Kinura) KiMURA and Tsujir comb. nov.

3a., A part of sterile frond; the first acroscopic pinnule is lacking in each pinna; surface view.

NNW-464 (Nishi-Neiridani).

3b. A part of sterile frond with small-sized pinnules ; surface view.

NNW-040 (Nishi-Neiridani).
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Text-figs. 3c-h. Todites festuosus (Kimura) Kimura and Tsujir comb. nov.
3c. A part of sterile pinna with typical pinnules; back-side view; drawn from the lectotype,

A-0468 (Iwamuro) (Pl. 54, Fig. 4).

3d. A part of sterile frond with thick rachis; back-side view ; margins of pinnules were rolled

down. NNW-486 (Nishi-Neiridani).

3e. An anterior part of sterile frond; back-side view; drawn from the paralectotype, NEG-078

(Negoya).

3f. Apical part of sterilz pinna; margins of pinnules were rolled down.

Neiridani).

NNW-585 (Nishi-

3g. Ditto; margins of pinnules were rolled down. NNW-538 (Nishi-Neiridani).
3h. A part of fertile pinna; margins of pinnules were rolled down; drawn from the paralecto-
type, NNW-556 (Pl. 54, Fig. 6) (Nishi-Neiridani).

5-9 pairs of branch veins forking once or
twice. Sporangia borne in a single file
along both sides of each vein. Sporangia
small, 0.1-0.15 mm in diameter. (Detail of
sporangium and spore not known.)

Distribution and  occurrence. — Very
abundant in the Iwamuro Formation and
the Negoya Formation (Kuruma Group),
but rather rare in the Shinadani Formation
(Kuruma Group). This species possibly
occurs also from the Upper Triassic form-
ations in Japan.

Discussion and comparison.—One of us
(Kimura) first described Cladophlebis
fastuosa from the Iwamuro Formation in
1959. Afterwards we had thought that
the diagnosis of this species should be

emended on the basis of further specimens
obtained from the Iwamuro Formation
and the Kuruma Group. Now it is
apparent that they belong to Todites
(Cladotheca group), because recently we
found several fertile pinna fragments in
our collection.

Todites fastuosus is characterized by its
medium-sized triangular pinnules with
finely dentate margins and with thrice
forking branch veins in part.

Todites fastuosus differs from 7. denti-
culatus (BRONGNIART), although some
pinnules resemble in form and venation
those figured by HARRIS as T. denticulatus,
such as his figs. 25F and 26B (1961).
Main differences are: In 7. fastuosus the
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fertile pinnules are similar in form and
venation to sterile ones, while in 7.
denticulatus the fertile pinnules are
oblong, with bluntly pointed apex and
mostly with simple branch veins. More-
over in sterile pinnules of 7. fastuosus,
branch veins are thrice to once forking,
while in 7. denticulatus, they are mostly
once forking.

Todites fastuosus is distinguished from
T. cfr. denticulatus here described
together by its fertile pinnules and the
venation of sterile pinnules. In 7. cfr.
denticulatus, branch veins of sterile
pinnules are always forking once and the
fertile pinnules differ in form from sterile
ones.

The sterile pinnules of the Greenland
species, Todites hartzi HARRIS resemble
in form and venation those of T. fastuosus,
but the fertile pinnules differ in form
from each other.

Several sterile pinna fragments described
by KIMURA (1959a) as Cladophlebis
haiburnensis belong to Todites fastuosus.
Cladophlebis tenue originally described by
OisHl & Huzioka (1938, p. 74, text-fig.
la-b) based on a single sterile leaf-
fragment, resemble Todites fastuosus in
that its midribs are usually close to the
basiscopic base of pinnule.

Small sterile fragments of Todites
fastuosus may be impossible to distinguish
from those of other Cladophlebis species.

Todites neiridaniensis KIMURA and
TsuJir sp. nov.

Pl. 55, Figs. 6-7; Pl. 56, Fig. 5;
Text-figs. 4a-d

Todites goeppertianus (MUENSTER) KRASSER :
OisHi, 1940, p. 194 (pars), pl. 3, fig. 1, la
(Neiridani).

Material: Holotype; NEE-110. Paratypes;
NEE-020, 100, 314 (Higashi-Neiridani), NNW-

222, 729 (Nishi-Neiridani), A-005 (Iwamuro).
NEE-022 and other 10 specimens, NNW-328
and other 12 specimens, NE-105 and other 1
specimen (Neiridani), NEG-036 and other 2
specimens (Negoyadani). Locus typicus: The
Higashi-Neiridani, a branch of the Dairagawa,
Asahi-machi, Shimo-Niikawa-gun, Toyama
Prefecture. Stratum typicum: Negoya For-
mation of Kuruma Group. Derivatio nominis:
This species is named after the Neiridani
where the holotype was collected.

Diagnosis.—Leaves wholly sterile or
wholly fertile, bipinnate (but whole leaf
not known). Rachis thick, up to 9 mm
wide, grooved above, rounded below.
Pinnae arising alternately at an angle of
45-50 degrees, 1.7-2 cm distant, flexuous.
Pinna rachis up to 2 mm wide, widened
at base, channelled above. Pinna as a
whole almost uniformly wide up to near
its apex. Both sterile and fertile pinnules
katadromic in order, differing in different
leaves, set closely, often overlapping,
ovoid, semi-circular or oblong in form,
often curved forwards, commonly arising
at right angles to the pinna rachis. The
first pinnule always borne near the main
rachis but not specialized. Typical sterile
pinnules 5mm long and 5 mm wide, basal
margin often contracted, upper (acroscopic)
margin often slightly expanded at pinna
rachis ; lateral margins entire, apex broadly
rounded. Venation neuropterid. Midrib
arising from the middle of pinnule base,
distinct in its basal half. Branch veins
irregularly forked. Typically first basis-
copic branch veins arsing from the base
of midrib or from the pinna rachis, forked
3-4 times, the first acroscopic branch
veins and next two pairs forked twice,
the rest once or simple. Branch veins on
the acroscopic side arising from the
midrib at a wide angle but those on the
basiscopic side usually directed forwards.

Fertile pinnules similar in size, form
and venation to sterile ones. Sporangia
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usually covering whole under surface
apart from the marginal zone, borne in a
single file along each vein. Sporangia
ovoid, whole apical third of wall com-
posed of thickened cells, 200-250 #m in
diameter. (Spore unknown.)

Distribution and occurrence. — Todites
neiridaniensis is locally abundant in the
Negoya Formation (Kuruma Group). A
single specimen was obtained from the
Iwamuro Formation.

Discussion and comparison. — Todites
neiridaniensis is characterized by itsclosely
set pinnules with broadly rounded apex
and entire margins, and its sporangia
covering whole under surface except the
marginal zone of pinnule.

Todites neiridaniensis belongs to the T.
williamsoni-goeppertianus group because
of its neuropterid venation. Todites neiri-
daniensis is distinguished as follows from
the European species, 7. williamsoni
(BRONGNIART) SEWARD to which detailed
emended diagnosis was given by HARRIS
(1961). In T. williamsont, sterile pinnules
are, according to HARRIS, usually larger
in size, with acutely pointed apex and
lobed margins in larger pinnules or
dentate near the apex in exceptional
cases, instead of smaller pinnules with
broadly rounded apex and entire margins
in T. neiridaniensis. In T. williamsoni,

fertile pinnules are usually smaller in size
than sterile ones, but both are similar in
size and form in 7. neiridaniensis. In
T. williamsoni, sporangia cover whole
under surface, but not on the marginal
zone in T. neiridaniensis.

Todites mneiridaniensis is also dis-
tinguished from the European Rhaeto-
Liassic species, T. goeppertianus (MUEN-
STER) KRASSER. In T. goeppertianus,
fertile pinnules are more elongated, typic-
ally 7mm long and 4 mm wide (HARRIS,
1931) and sterile ones are also more
elongated and larger in size, typically
10mm long and 5mm wide, than those
of ours. In T. goeppertianus, most of
fertile pinnules are, according to the
illustrations made by HARTZ (1896) and
HARRIS (1931), about 1 mm narrower near
the base than at the middle. Such coarct-
ated pinnules have not been found in
T. neiridaniensis. Moreover, in T. goep-
pertianus, the sterile pinnules at the top
of leaf and near the distal ends of pinnae,
are pointed at apex, but such apices have
not been found in 7. neiridaniensis.

Both sterile and fertile leaves described
by ZEILLER (1903) from the Upper Triassic
of North Viet-Nam as Cladophlebis (Todea)
roesserti, is also distinguished from T.
neiridaniensis by having more elongated
sterile pinnules and the fertile pinnules

Explanation of Plate 54

Fig. 1. Marattia asiatica (Kawasaki)HARRIS
Apical part of fertile pinna.

Figs. 2,3.

NEE-133 (Higashi Neiridani).
Todites cfr. denticulatus (BRONGNIART) HARRIS
2. Fertile frond with small-sized and semi-circular pinnules.

NE-091 (Neiridani).

3. Fertile frond with oblong pinnules of which upper surface is transversely waved. NE-093

(Neiridani).
Figs. 4-6.

Todites fastuosus (Kimura) KimUurRA and Tsujii comb. nov.

4. A part of sterile frond; pinnules with thrice to once forking branch veins (see Text-

fig. 3c).
5. Apical part of pinna.

A-0468 (lectotype), collected by N. Sasaxl.
A-1026 (Iwamuro).
6. Fertile pinna fragment (see Text-fig. 3h).

NNW.556 (paralectotype) (Nishi-Neiridani).
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often coarctated. ZEILLER'S speciesappears
to be much close to Todites goeppertianus,
as formerly pointed out by HARRIS (1931)
and Oi1sHI (1940).

O1sHI (1940) described a pinna fragment
with six pairs of fertile pinnules as Todites
goeppertianus from the same locality as

ours. It is possibly referable to 7. neiri-
daniensis, but cannot be determined because

the pinnule apices are missing.

O1sHI's specimens from the Noric
Nariwa Group regarded by him (1932)
first as Todites roesserti ZEILLER and later
(1940) as T. goeppertianus, are distinguished
from those of 7. neiridaniensis by having
more elongated sterile pinnules.

O1sHI (1932, 1940) referred YOKOYAMA'S
Asplenium whitbiensis BRONGNIART from
Ozo of the Lower Cretaceous Oguchi
Formation to Todites williamsoni. But in
our opinion, YOKOYAMA’s sterile leaves
(1889, p. 31, pl. 3, fig. 3; pl. 10, figs. 1, 2a)
are indeterminable, because their venation
is unknown.

OrsHr  (1940) referred KAWASAKI'S
Cladophlebis (Todites) williamsoni BRONG-
NIART forma whitbiensis (1925, p. 21, pl
4, fig. 13) and C. (Todites) williamsoni
BRONGNIART (1925, p. 24, pl. 36, fig. 101)
from the Daedong Group of Korea, to 7.
williamsoni. But as recently mentioned
by KIMURA and OHANA (1980), these
KAWASAKI's specimens do not belong to
T. williamsoni because of their pecopterid

Text-figs. 4a-d. Todites neirideniensis
Kimura and Tsujir sp. nov.
4a. A part of fertile frond with thick
rachis; back-side view; drawn from
the holotype, NEE-110 (Higashi-Neiri-
dani).
4p. Ditto; showing the venation of
pinnules ; back-side view; drawn from
the paratype, NNW-729 (Nishi-Neiri-
dani).
4c. A part of sterile pinna; showing the
venation of  pinnules. NEE-020
(Higashi-Neiridani).
4d. A part of fertile pinna; showing the
distribution of sporangia; drawn from
the paratype, NNW-222 (Pl. 56, fig. 5)
(Nishi-Neiridani).
Text-fig. B, Osmundopsis
KimMuRrRA and Tsujil sp. nov.
A part of fertile frond; drawn from the
holotype, NE-021 (Neiridani).

nipponica
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venation, but are indistinguishable from
T. yamanoiensis (YOKOYAMA) KIMURA
and OHANA.

KAwASAKI's Cladophlebis williamsont
BRONGNIART cfr. var. tenuicaulis THOMAS
(1926, p. 26, pl. 7, fig. 21) also from the

Daedong Group, is close to Todites
yamanoiensis.
Thus, there is no specimen safely

identified with Todites williamsoni in
Japan and Korea.

Genus Osmundopsis HARRIS, 1931 : 136

Osmundopsis nipponica KIMURA and
TSuJII sp. nov.

Pl. 55, Fig. 8; Text-fig. 5

Material: Holotype; NE-021 (Neiridani).
Paratypes; NE-025, 066, 121. Locus typicus:
The Neiridani, a branch of the Dairagawa,
Asahi-machi, Shimo-Niikawa-gun, Toyama
Prefecture. Stratum typicum: Negoya For-
mation of Kuruma Group. Derivatio nominis:
This species is named after Nippon meaning
Japan in Japanese.

Diagnosis.—Fertile leaves with a smooth,
comparatively thick rachis, 3.5 mm wide,

channelled above, alternately bearing slen-
der primary branches at a wide angle and at
intervals of 0.7-1.1cm ; secondary branches
katadromic in order, crowded, 1.5mm
distant, typically 7.5-8 mm long, touching
or overlapping each other Ilaterally,
attached at right angles to the primary
branch. Tertiary branches minute or
suppressed, but covered with sporangia.
Sporangia crowded, pyriform or obovate,
about 400 #m in diameter measured on
impression. Cells of whole apical region
thickened. (Whole leaf, spores and sterile
leaf unknown.)

Distribution and  occurrence. — This
species is only known from the Neiridani
of the Negoya Formation (rather rare).

Discussion and comparison.—The present
fertile leaves agree fully with the emended
diagnosis of Osmundopsis given by HARRIS
(1961), although no sterile leaf has been
found in our collection.

Osmundopsis nipponica resembles O. sturi
(RACIBORSKI) HARRIS known from the
Lower Jurassic of Poland (RACIBORSKI,
1894) and the Middle Jurassic of Yorkshire
(HARRIS, 1961), but so far as RACIBORSKI’s
illustrations are concerned, it is somewhat

Explanation of Plate 55

Figs. 1-3. Marattia asiatica (Kawasaki) HARRIS
1. A pinna fragment with longer synangia; the ratio of synangial length to width of lamina
is 1/4.6. NNW-415 (Nishi-Neiridani).
2. A pinna fragment with shorter synangia; the ratio of synangial length to width of
lamina is 1/8. NNW.816 (Nishi-Neiridani).
3. A pinna fragment with longer synangia; the ratio of synangial length to width of lamina
is 1/5.2. A-0494 (see Text-fig. 1f) (Iwamuro).
Fig. 4. Todites cfr. denticulatus (BRONGNIART) KrRASSER. A part of sterile frond with typical
pinnules. NNW-411 (see Text-fig. 2a) (Nishi-Neiridani).
Fig. 5. Todites fastuosus (Kimura) KiMURa and Tsujit comb. nov. Apical part of sterile frond.
A-060 (paralectotype) (Iwamuro), collected by N. Sasakl.
Figs. 6,7. Todites neiridaniensis Kimura and Tsuji sp. nov.
6. A part of holotype (see Text-fig. 4a). NEE-110 (Higashi-Neiridani).
7. A part of fertile pinna. NEE-100 (Higashi-Neiridani).
Fig. 8. Osmundopsis nipponica Kimura and Tsuji sp. nov.
(paratype) (Neiridani).

A part of fertile frond. NE-025
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different from O. sturi in that our second-
ary branches are less elongated and very
crowed, and our sporangia are rather
smaller in size, instead of more longer
and remotely set secondary branches,
and more or less larger sporangia in O.
sturi. Our main rachis is thicker than
that of O. sturi.

Osmundopsis plectrophora HARRIS known
from the Liassic of Greenland (HARRIS,
1931) and O. cfr. plectrophora from the
Liassic of North Iran (KILPPER, 1964), are
distinguished from O. nipponica by their
longer tertiary branches and large-sized
spherical sporangia (600 ym in diameter)
in clusters.

KIMURA (1975) described two fertile and
several sterile leaf-fragments as Osmund-
opsis ? sp. from the equivalent of Lower
Cretaceous Kitadani Formation in the
Inner Zone of Central Japan. The fertile
leaves of O.? sp. are safely distinguished
from those of O. nipponica by its fairly
shorter and remotely set secondary
branches.

Repository.—All specimens here des-
cribed are kept in the Department of
Astronomy and Earth Sciences, Tokyo
Gakugei University.
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Explanation of Plate 56

Figs. 1,2.

1. A part of sterile frond with typical pinnules.

Todites cfr. denticulatus (BRONGNIART) KRASSER

NNW-076 (Nishi-Neiridani).

2. A part of fertile frond with oblong pinnules of which upper surface is transversely

waved. NE-098 (Neiridani).

Figs. 3-4. Todites fastuosus (KiMURA) KimurRa and Tsujil comb. nov.

3. A part of sterile frond with thick rachis.
4. A part of sterile pinna, showing typical pinnules.
Todites neiridaniensis KimurRAa and Tsuji sp. nov.
sporangia on the lower surface of pinnules, except their marginal zones.

Fig. 5.

Neiridani).

NE-029 (Neiridani).

A-2008 (Iwamuro).

A part of fertile pinna, showing
NNW-222 (Nishi-
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ZEILLER, R. (1903) : Flore Fossile des Gites pls. (Etud. Gites min. Fr.) Paris.
de Charbon du Tonkin, viii+328 p., 56

Asahi-machi 8]y,  Daedong k[F,  Dairagawa KX¥JI], Fukui f§f, Higashi-Neiridani
WHAZ, Hubei Widt, Iwamuro %, Kawagurodani JIl4, Kitadani 4, Kotaki
/g,  Kuruma 38,  Momonoki #k/ A&,  Nariwa B, Negoya {LIFE#, Neimung
4%,  Neiridani $2A%,  Nishi-Neiridani /i A%,  Oguchi B@, Ozo Bk,  Sasa-
komata #£/|M%,  Shiguai 43,  Shimo-Niikawa-gun F#)I|#5,  Shinadani %%,  Shitaka
%@,  Sichuan pg)ll,  Tobiiwadani f&%4%,  Toyora £ifi, Tsuchizawa +jR, Xiangxi
%i®, Yamanoi [[¥F3:,  Yipinglang —¥i8,  Yunnan EF

AEoPifle = 7 i, 02 REBWRSIOCEERE»D, FEOERLE %L
DERERDBERLT, DPITAKLVEBS IVFATVRZBT SO0 v LAY TR L
o

Marattia asiatica (Kawasaki) HarRris (@5 U AT\EL, Todites cfr. denti-
culatus (BRONGNIART) Krasser, T. fastuosus (Kimura) Kimura and Tsujn comb.
nov., T. neiridaniensis KiMURA and Tsuji sp. nov. 3 L8 Osmundopsis nipponica
KimURA and Tsuji sp. nov. (LLE®AFWVED, kD Todites D 5%, T. cfr. denti-
culatus X8 T. fastuosus L Cladotheca group 1z, T. neiridaniensis (3. T. willi-
amsoni-goeppertianus group BT 5, ARFFEH o HTFHIEA



Trans. Proc. Palaeont. Soc. Japan, N.S., No. 120, p. 466, December 30, 1980

SHORT NOTES

19.

VENERICARDIA (CYCLOCARDIA) TAKEDAI, NEW NAME

FOR VENERICARDIA (CYCLOCARDIA) ELLIPTICA
TAKEDA, 1953 (PREOCCUPIED) *

YUTAKA HONDA

Department of Earth Science, Mie University,
Kamihama, Tsu 514

During the course of a study of
molluscan fossils from the Urahoro and
Ombetsu Groups in the Kushiro coal field,
eastern Hokkaido, it was realized that
Venericardia (Cyclocardia) elliptica TAKE-
DA (1953, p. 80, pl. 8, figs. 13, 18; pl. 11,
figs. 7-12, 14-23; pl. 12, figs. 6, 20, 24),
originally described from the Poronai For-
mation of central Hokkaido, and the
Ombetsu Group, is preoccupied by
Venericardia elliptica DOUVILLE (1928, p.
21, pl. 4, figs. 26-33) from the Cardita
beaumont: Bed (Paleocene) of India. V.
elliptica DOUVILLE was brought to
Japanese paleontologists’ attention by
MizuUNO (1964), but the invalidity of V.
elliptica TAKEDA has not been noted
previously. The new name Venericardia
(Cyclocaradia) takedai is proposed for

* Received October 14, 1980

466

Venericardia (Cyclocardia) elliptica TAKE-
DA. The author wishes to thank Dr. Alan
G. BEu, New Zealand Geological Survey
for reading the manuscript.
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Notes: Words listed are names of genera and species, which are described, discussed or
illustrated in the articles in Transactions and Proceedings of the Palaeontological Society of

Japan, New Series, Nos. 113-120.

A
Acropora sp. cfr. humilis ................ 244
Adiantopteris sewardii. ..... 91, pl. 14, pl. 15
Agnostus COMMUNIS . ......ouvueeenenn .. 372
Agnostus meon ................iiiiinn.. 372
Agnostus tumidosus . .............cooeui.n. 373
Amberleya (Eucyclus) japonica........
................................ 306, pl. 34
Amphidonte (Amphidonte) sp. cf. A. sub-
haliotoidea . ....................... 25, pl. 3
“Amphipora cfr. asiatica” ........ 239, pl. 29
Aphelotoxon ........... ..., 377
Aphelotoxon triangulata........ 377, pl. 44
Apiotrigonia ........ ... .. . i 182
Apiotrigonia (Apiotrigonia) crassoradiata
................................ 190, pl. 25
Apiotrigonia (? Apiotrigonia) dubia ..
................................ 194, pl. 25
Apiotrigonia(Apiotrigonia) mikasaensis
................................ 187, pl. 25

Apiotrigonia (Apiotrigonia) minor 184, pl. 25
Apiotrigonia (Apiotrigonia) hetonaiana .. 191
Apiotrigonia (Apiotrigonia) obliquecostata

...................................... 184
Apiotrigonia (Apiotrigonia) obsoleta .... 192
Apiotrigonia (Apiotrigonia) utoensis .... 192
Apiotrigonia ashizawaensis .............. 184
Apiotrigonia crassoradiata .............. 190
Apiotrigonia futabaensis ............. ... 184
Apiotrigonia (Heterotrigonia) granosa .. 211
Apiotrigonia (Heterotrigonia) himenour-

CISES ittt e e e 211
Apiotrigonia (Heterotrigonia) subovalis .. 208
Apiotrigonia hetonaiana.................. 191
Apiotrigonia hironoensis ................ 184
Apiotrigonia jimboi .......... ... ... .. ... 208
Apiotrigonia (Microtrigonia) amanoi ....

................................ 197, pl. 26

Apiotrigonia (Microtrigonia) imutensis ..
................................ 201, pl. 26

Words in bold-faced type are names of newly proposed taxa.

Apiotrigonia (Microtrigonia) minima .... 205
Apiotrigonia (Microtrigonia) postonodosa
................................ 202, pl. 26
Apiotrigonia (Microtrigonia) sp... 204, pl. 26
Apiotrigonia minor.................. 184, 187
Apiotrigonia minor var. nenkoi .......... 192
Apiotrigonia obliquecosteta .............. 184
Apiotrigonia obsoleta .................... 192
Apiotrigonia aff. obsoleta ................ 194
Apiotrigonia orikiensis .................. 184
Apiotrigonia postonodosa ................ 202
Apiotrigonia subovelis minor ............ 184
Apiotrigonia tuberculata ................ 197
Apiotrigonia utoensis ................c.... 192
Araxopora araxensiS.............. 276, pl. 32
Asplenium dicksonianum ................
................ 10, pl. 1; 90, pl. 14, pl. 15
Astarte (Astarte) costata ................ 432
Astarte (Astarte) sp. cf. A. (A.) subsenecta
...................................... 432
Astarte (Astarte) subsenecta...... 431, pl. 53
Astarte subsenecta ............... ... ... 432
Astarte subsenecta var. costata .......... 432
Ataphrus (Ataphrus) nipponicus ......
................................ 298, pl. 34
Astarte? Sp. L. 26, pl. 3
B
Balakhonia sp..................... 364, pl. 41
Batostomella spinigera var. araxensis .... 276
Birisia onychioides .................. 9, pl. 1
Brachythyris cf. B. elliptica ...... 365, pl. 42
Brewericeras .................. oo 330
Brewericeras enorme............ 331, pl. 37
C
Caestocorbula minima .......... 437, pl. 33
Caestocorbula shikamai ........ 436, pl. 53
Calliostoma ? ojii .............. 297, pl. 34
Callista Chinensis ..........oueeeueenenens 250
Cameraspis convexa ................ 56, pl. 9
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Ceratosiphon ..........cccciiiiuinnnnan. 313
Ceratosipkon densestriatus .... 314, pl. 36
Chlamys shitakaraensis ........ 258, pl. 30
Cladophlebis fastuosa ..........ccccvuunn. 457
Cladophlebis haiburnensis ................ 457
Cladophlebis shinshuensis ................ 10
Cladophlebis sp. A......oooviiiiiiian .. 91
Cladophlebis sp. B ................ 91, pl. 14
“Clathrodictyon somaense” ........ 238, pl. 29
Cliffia typica ...................... 57, pl. 9
Columbitrigonia.....................c... 211
Coniferae Sp......cueveeeueennnennnn 12, pl. 1
Coniopteris cfr. arctica .............. 7, pl. 1
Coniopteris onychioides. .............ccccu.. 10
Corbulomima sp. aff. C. nuciformis ...... 438
Corbulomima sp. cf. C. nuciformis 438, pl. 53
Cucullaea cf. striatella .................. 428
Cylindrichnus japonicus...... 125, 126, pl. 18
Cylindrophyllia minima .................. 249
Cythere lutea ..............cc..... 159, pl. 21
cfr. Czekanowskia nipponica ...... 93, pl. 15
D
Dampietrigonia ........................ 205
Dicksonia gracilis .............cccvuuunnn. 10
Durhamina ? andensis .......... 140, pl. 20
Dybowskiella sinensis .................... 271
Dyscritella hidakaensis .......... 83, pl. 13
Dyscritella sp. «...coviieiiiinn... 84, pl. 13
E
Elvinia roemeri .................... 50, pl. 8
Epileymeriella .............ccccciviui... 332
Epileymeriella sp. aff. E. hitzeli .. 333, pl. 37
Eponides a@sanoi.............cccoviiiune... 242
Eponides shiraii ........................ 242
Equisetites ..........coi it 344
Egquisetites iwamuroensis ................
.................. 344, pl. 38, pl. 39, pl. 40
Equisetites mori-gumpeii .............. 349
Equisetites nipponicus ................
.................. 350, pl. 38, pl. 39, pl. 40
Equisetites Sp. . ..vouuiiii it 344
Equisetites sp. A.......... 353, pl. 39, pl. 40
Equisetites sp. B ................ 355, pl. 39
Equisetites sp. C ................ 355, pl. 38
Eridopora major ............cciiiiiiinnn 273
Eridopora cf. parasitica .......... 273, pl. 31

Eriphyla sp. cf. E. (Eriphyla) pulchella

Eriptycha.........cccv it 317
Eriptycha japonica.............. 317, pl. 34
F

Finmarchinella (Barentsovia) hanaii..
................................ 166, pl. 22
Finmarchinella (Barentsovia) nealei ..
................................ 168, pl. 23
Fistulipora elegantula ............ 271, pl. 31
Fistulipora pseudomonticulosa ..272, pl. 31
Fusulina cylindrica .................cooun 137
Fusulina cylindrica var. ventricosa ...... 137
Fusulina ventricosa var. meeki .......... 137
G
GaUATYCOraS . oot e e et e iia i e 68
Gaudryceras hamanakense ............
.......................... 68, pl. 10, pl. 11
Gleichenites nippomensis.......oeueueuvenens 6
GONIASITEA SP. v oveeeeeeaeeeineneenennnns 244
Grammatodon (Nanonevis) yokoyamai . ...
................................ 428, pl. 52
Il
Hayamia...........cccovveieieininnnnnns 301
Hayamia choshiensis............ 305, pl. 35
Hayamia rex ............ccoveeun. 303, pl. 35
Heminautilus .........cccviiiiiiiininnnn. 328
Heminautilus akatsui .......... 328, pl. 37
Heterocyathus japonicus...........oovun.n 249
Heterotrigonia .........coovviiinennennns 207
Heterotrigonia granosa .................. 211
Heterotrigonia (Heterotrigonia) subovelis
................................ 208, pl. 26
Heterotrigonia himenourensis ............ 211

Heterotrigonia (Nakanotrigonia) granosa 211
Heterotrigonia (Nakanotrigonia)

himenourensis .........coeeeuuen- 211, pl. 26
Heterotrigonia sawata@i .................. 208
Heterotrigonia subovalis ................ 208
Hexagonella tortuosa ............ 274, pl. 31
Homagnostus tumidosus .......... 373, pl. 43
Housia ovata ...........cccovuen. 381, pl. 45

I
Inoceramus (Inoceramus) obiraensis......

............ 392, pl. 46, pl. 47, pl. 48, pl. 49
Inoceramus (Inoceramus) teshioensis

................................ 411, pl. 50

Inoceramus (Inoceramus) uwajimensts . ...
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................................ 413, pl. 50
Inoceramus (Inoceramus) yebei .. 409, pl. 50
Irvingelle major.................... 53, pl. 8

K
Karavankina jizodoensis ..............
........................ 362, pl. 41, pl. 42
Kidoa ...............ccciiiiiiiniiin.. 175
Kidoa graviarmata .............. 176, pl. 24
Koreanaia ...........................0... 227
Krotovi@ Sp......ooveeiivnnnnn... 361, pl. 41
L
Laevicardium ? ishidoense . ............... 434
Laevicardium(?) sp. aff. L.(?) ishidoense
................................ 434, pl. 53
Leioclema sp............c.cccuuun.. 82, pl. 12
Leioclema sugiyamai ............ 81, pl. 12
Leptostrobus sp. .................. 94, pl. 14
Lewesiceras .............ccccoiiuiiiiini.n. 31
Lewesiceras kawashitai .......... 32, pl. 4
Lewesiceras satoi.................. 34, pl. 5
Lewesiceras sharpei ...................... 31
Littorina decussata ...................... 315
“Lophiostroma ozewai”............ 238, pl. 29
M
Marattia esiatica .......... 449, pl. 54, pl. 55
Marattiopsis asiatica ........... e 449
Marattiopsis muensteri .................. 449
Marattiopsis cfr. muensteri .............. 449
Margarites aff. sachalinensis ............ 308
Margarites(?) SP. viiiiiiiiiiii i 308
Martinia aff. M. glabra .......... 366, pl. 42

Megatrigonia (Apiotrigonia) subovalis .. 208
Mesosaccella(?) choshiensis .... 426, pl. 51

Mesosaccella(®) sp. ...ooeeneo. ... 427, pl. 51
Metriomphalus nagasakiensis .. 308, pl. 34
Microtrigonia. ..............cooiiiiii.. 195
Microtrigonia amanoi . ................... 197
Microtrigonia imutensis.................. 201
Microtrigonia minima . ................... 205
Microtrigonia tuberculata . ............... 197
N
Nakanotrigonia ...............cccccon.. 210
Nankaites kochiensis.............. 128, pl. 18
Nenonavis (Nanonavis) sp. cf. N. (N.)
YOROYAMAL . ..ot 428

Nanonavis (Nanonavis) yokoyemei ...... 428

Nanonevis yokoyamei .................... 428
Nemocardium (Arctopratulum) ezoense ..
...................................... pl. 30
Nemocardium yatsushiroense ............
Neogondolella polygnathiformis .......... 80
Neoproetus (Paraproetus) .............. 254
Neoproetus (Siciliproetus) ............ 254
Nowakites . ..............ccciiii ... 36
Nowakites mikasaensis............ 39, pl. 6
Nowakites yubarensis ............ 38, pl. 5
Nucula ishidoensis ...................... 423
Nuculana sanchuensis.................... 425

Nuculana (s. 1) sp. cf. N. sanchuensis .. 425
Nuculopsis (Palaeonucula) ishidoensis . ...

................................ 423, pl. 51
Nuculopsis (Palaeonucula) sp. cf. N. (P.)

IShidoensis . ...........ccciiiiininnnnnn. 423

(0)

Onychiopsis elongata .......... 11, 93, pl. 15
O0litica Sp. v vviiieiiieiiennn 307, pl. 34
Ophiomorpha ........c.coiieiiiniinn, 116
Ophiomorpha ashiyaensis ................

.................. 117, pl. 16, pl. 17, pl. 18
Ornithopus . ......ocovviiiiiiiin .. 313
P2 0smunda Sp. ......iiiiiiiiiiaa 6, pl. 1
Cfr. Osmundopsis efimoviae .......... 5 pl. 1
Osmundopsis nipponica .............. pl. 55
Ostrea eorivularis ............ccccuunn. pl. 30
OSEred SP..vu v i it eeeaeinenenens 25, pl. 3

P

Pecten albicans . .................. . 0ot 250
Perissoptera elegans . ........... 309, pl. 36
Phricodothyris Sp. .....cooieiiiiiiion... 365
Pietteia. .. .....ooiuiiii i 311
Pietteia cretacea................ 311, pl. 36
Pinna (Pinna) Sp......c.ccoeeeuenn. 430, pl. 51
Pinna sp. cf. P. robinaldina ............ 430
Platiknemiceras ...................coo.... 333
Platiknemiceras caseyi. ......... 333, pl. 37
Plectomye ariteagawana .......... 439, pl. 53
Plicatula sp......ccoveviiiiinia.. 24, pl. 3
Plicatula sp. aff. P. haneii.......... 24, pl. 3
Podozamites eichwaldii . ................... 11
Podozamites cfr. lanceolatus ...... 94, pl. 141
Podozamites lanceolatus eichwaldi . ....... 11
Polypora abadehensis .......... 280, pl. 33
Polypora aff. darashamensis . ..... 282, pl. 32
Polypore megnicava .............. 279, pl. 32
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Polypora soyanensis .............. 278, pl. 32
Polypora? sp. covveeeeeeinennnnnn. 283, pl. 33
Polypora striata ................ 283, pl. 33
Polypora timorensis var. darashamensis . .
................................ 282, pl. 32
Polypora tubulose ................ 277, pl. 32
Porites Sp. . .iiiiuii e 244
Porolithon onkodes ...................... 244
Portlandia sanchuensis ............ 425, pl. 51
Productus cf. P. concinnus. ....... 362, pl. 41
Prolyelliceras(?) sp....ocevuvunn.. 332, pl. 37
Pseudagnostus communis . ......... 372, pl. 43
Pseudagonostus josepha .................. 372
Pseudagonostus prolongus................ 372
Pseudobatostomella kobayashii . ...........
.......................... 83, pl. 12, pl. 13
Pseudohyria matsumotoi. ....... 230, pl. 28
Pterotrigonia (Pterotrigonia) pocilliformis
................................ 431, pl. 52
Pulchricapitus davisi.............. 374, pl. 43
Pulsides higoensis................cccuvnnn 436
Q
Quoiecchia .............cccciiiiiiiii. 211
R
Rasatrix suzukii ................ 434, pl. 51
Restellum? sp. .........coiii... 25, pl. 2
Rugosochonetes . ......................... 361
Rugosochonetes sp. .............. 361, pl. 41
S
Septopora lineata ................ 285, pl. 33
Septopora subquadrans var. lineata ... ...
................................ 285, pl. 33
Septopora tarazi ................ 286, pl. 33
Solemya sp. ...t 427, pl. 51
Sphenopteris sp............. 92, pl. 14, pl. 15
Spondylus (Spondylus) sp. aff. S.
decoratus .......iiiiiiiiii 23, pl. 2
Stenodiscus granularis .................. 276
Stenopora? n. Sp. ...oiiiiinn... 275, pl. 32
“Stromatopora (Parallelopora) minoensis”
................................ 239, pl. 29
Strombus jeponicus ..............ciiiin.. 250

T
Taeniopteris (Marattia) miinsteri ........ 449
Taeniopteris SP. wuveeeeenereennennnnnnn 449
Thalassinoides giganteus ...... 124, pl. 16
Thalassinoides iwayaensis ............
.......................... 121, pl. 16, pl. 17
Todites denticulatus. .....................
Todites cfr. denticulatus ................
...................... pl. 54, pl. 55, pl. 56
Todites fastuosus 455, pl. 54, pl. 55, pl. 56
Todites goeppertianus.............c..c.. .. 459
Todites neiridaniensis . ...459, pl. 55, pl. 56
Tosalorbis ? ichnosp. ............ 127, pl. 18
Trigonia pocilliformis.................... 431
Trigonia sawatai ...........ccvevvnvnnnnnn 208
Trigoni@ SP. «ouvueveveneeneeeronneenennnns 431
Trigonia subovalis .............. 184, pl. 208
Trigonia cf. subovalis.................... 187
Trigonia subovalis var. minor............
.......................... 184, 190, 191, 197
Trigonioides (Koreanaia) bongkyuni ..
................................ 227, pl. 27
Triticites cellamagnus ............ 137, pl. 19
Triticites meeki ............c..... 137, pl. 19
Triticites sp. A ..vovvvenennnnen.. 138, pl. 19
Triticites sp. B ...l 139, pl. 19
Triticites ventricoSuUS ..........oovvunnn.. 137
Turbo @lsus.......c.coveeiiiiiiinennnnn 315
Turbo decussatus ..........coeeeeuenuennn 315
Turkestanella .......................... 207
U
Unarites ? ichnosp................. 128, pl. 18
v
Venikoropsis decussata............ 315, pl. 35
Venericardia (Cylocardia) elliptica ...... 466
Venericardia (Cyclocardia) takedci ...... 466
Vertebrites kayei ..............c.oiiien.. 72
w
Weaagenophyllum (Waagenophyllum)
VITgalense ... i 64
Y

Yanishewskizlla? sp............... 364, pl. 42
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